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PREFACE. 


In  writing  this  Manual  the  needs  of  those  who  are  seeking  to  obtain 
a  Public  Health  Diploma  have  been  specially  considered.  While 
following  closely  the  lines  prescribed,  a  short  account  has  not  been 
omitted  of  some  of  the  more  important  investigations  which  have 
been  made  in  recent  years  with  regard  to  questions  of  interest  in 
relation  to  Public  Health.  The  requisite  references  have,  in  many 
instances,  been  given,  with  a  view  to  indicating  directions  in  which 
further  inquiry  may  profitably  be  pursued.  The  reader  will,  I 
hope,  in  clambering  up  the  path  it  has  been  my  business  to  mark 
out  for  him,  find,  that,  without  unduly  straying  from  the  beaten 
track,  he  obtains,  from  time  to  time,  glimpses  of  the  prospect  which 
opens  up  as  the  ascent  is  made.  Allusion  has  been  made,  more 
particularly,  to  reports  of  the  Medical  Officers  of  the  Privy  Council 
and  Local  Government  Board,  of  Medical  Officers  of  Health,  of 
the  Registrar-General,  and  of  various  Royal  Commissions  and 
Departmental  Committees.  This  Manual,  however,  of  necessity 
only  refers  to  a  small  part  of  the  material  contained  in  those 
volumes,  and  to  that  in  a  somewhat  cursory  fashion.  It  has  not 
been  possible  to  attempt  more  than  to  present  a  kind  of  bird's-eye 
view  of  the  pleasant  country  which  the  student  may,  if  he  will, 
explore. 

Several  of  the  illustrations  in  Chapter  IX  have  been  placed  at  my 
disposal  by  Mr.  Shirley  Murphy.  Fig.  11,  on  page  76,  was  origi- 
nally given  by  Dr.  Ballard.  To  Dr.  F.  W.  Andrewes  and  Mr.  G.  H. 
Day  thanks  are  due  for  corrections  and  suggestions  at  a  stage  when 
the  Manual  was  approaching  completion.  Last,  but  not  least,  I  am 
indebted  to  my  wife,  who  has  been  my  fellow-worker  throughout. 

W.  H.  H. 
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CHAPTER  I. 

INTRODUCTORY:  THE  RISE  AND  PROGRESS  OF  PREVENTIVE 

MEDICINE. 

"  Mankind,"  says  Sir  John  Simon  in  his  "  English  Sanitary- 
Institutions,"  "in  no  stage,  however  early,  of  existence,  can  ever 
have  been  without  glimmerings  of  health  protective  purpose." 
These  "  first  steps  of  avoidance  "  probably  related  to  "  the  pangs  of 
dying  by  hunger  or  thirst,  the  poisonousness  of  certain  foods  and 
waters,  the  fatality  of  certain  sites,  the  hardslaips  and  dangers 
of  extreme  heat  and  cold,  the  destructiveness  of  floods,  and  the 
sterilising  efiects  of  drouglit, — such,  in  various  combination,  may 
be  supposed  to  have  been  familiar  conditions  to  the  beginners  of 
the  human  race  :  the  primordial  field  of  physical  evil,  where  man 
first  became  conscious  of  inclination  to  escape  disease,  and  learnt 
ways  by  which  he  partially  could  do  so." 

The  early  pioneers  had,  of  course,  no  secure  foundation  of  know- 
ledge of  the  natural  history  of  disease  to  build  upon.  Long  ages 
elapsed  before  it  was  realised  that  the  phenomena  in  question 
are  governed  by  laws  which  can  be  learnt  by  observation.  In 
"  Caliban  upon  Setebos,"  Browning  has  referred  to  the  attitude 
adopted  by  the  half-savage  intelligence  in  dealing  with  such  prob- 
lems. Caliban  held  that  nothing  was  of  any  avail  when  Setebos 
began  to  plague,  and  tliat  the  best  way  to  escape  his  ire  was  not  to 
seem  toO  happy.  Again,  Caliban  thinks  Setebos  will  visit  with  his 
wrath  any  creature  whom  he  finds  presuming  to  have  knowledge  of 
his  ways.    Hence,  thinks  Caliban,  it  is  courting  disaster  to  assume 
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that  "  because  he  did  so  yesterday  with  me,  and  otherwise  with  such 
another  brute,  so  must  he  do  henceforth  and  always."  In  times 
when  notions  such  as  these  were  generally  prevalent  there  was 
little  prospect  of  the  acquirement  of  knowledge  concerning  the 
prevention  of  disease. 

The  seven  books  known  as  the  "  Epidemics  "  of  Hippocrates  con- 
stitute the  first  great  landmark  of  epidemiology.  In  them  the 
influence  of  season  and  climate  upon  particular  diseases  is  discussed, 
and  the  conception  which  was  later  developed  into  the  notion  of  an 
"  epidemic  constitution,"  giving  special  characters  to  the  diseases  of 
the  season  or  year  in  w'hich  it  prevailed,  was  first  framed.  The 
growth  of  knowledge  concerning  epidemics  was,  however,  very  slow. 
Even  Sydenham,  in  the  seventeenth  century,  writes  that  nothing,  in 
his  opinion,  "  strikes  the  mind  that  contemplates  the  whole  and  open 
domain  of  medicine  with  greater  wonder  than  the  well-known  varied 
and  inconsistent  character  of  those  diseases  which  we  call  epidemic." 
Sydenham,  however,  continues,  "  I  am  not  prepared  to  say  that  a 
very  careful  examination  (such  a  one,  however,  as  the  brief  life  of  a 
single  mortal  would  be  insufficient  for)  would  not  give  us  the  fact  of 
certain  epidemics  succeeding  each  other  regularly  and  in  series, 
forming  as  it  were  a  circle." 

The  development  of  the  practice  of  keeping  statistical  records  has 
made  it  possible  to  collect  and  focus  the  observations  of  many 
observers.  Dr.  Farr,  in  the  first  Annual  Report  of  the  Registrar- 
General,  pointed  out  the  advantage  of  substituting  numerical 
formula  for  loose  phrases.  He  commented  upon  Sydenham's  employ- 
ment of  such  terms  as,  "  It  prevailed  a  little  but  disappeared  again  ;  " 
"  The  small-pox  was  more  prevalent  in  town  for  the  first  two  years 
of  this  constitution  than  I  ever  remember  it  to  have  been ; "  "  The 
small-pox  arose,  yielded  to  the  dysentery,  returned,"— and  so  on  ;  and 
he  said  it  is  "impossible  to  compare  Sydenham's  experience  thus 
expressed  with  the  experience  of  other  writers  in  other  places  and 
other  ages;  for  'prevailed  a  little,'  'raged  with  violence,'  and 
similar  terms,  may  imply  either  that  small-pox  destroyed  1,  or  2, 
or  5,  or  10  per  cent,  of  the  population.  The  superior  precision  of 
numerical  expressions  is  illustrated  by  a  comparison  of  Sydenham's 
phrases  with  the  London  Bills  of  Mortality  in  the  same  years." 

The  extent  to  which  numerical  expression  has  been  rendered  more 
precise  since  Sydenham's  time  may  be  tested  by  comparing  the  list 
of  diseases  enumerated  in  the  first  London  Bills  of  i\Iortality  (whicli 
did  not  exceed  some  sixty  or  thereabouts  in  number)  yith  the 
modem  "  Nomenclature  of  Diseases  "  drawn  up  by  the  Royal  College 
of  Physicians.    The  later  scheme  includes  upwards  of  1,000  different 
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forms  of  disease,  and  more  important  than  the  number  of  terms 
employed  is  the  question  of  accurate  assignment  of  the  statistical 
units  to  the  sevei-al  species  of  malady.  The  advances  made  in  quite 
recent  years  suggest  that  finality  in  the  matter  of  classification,  and 
in  the  accuracy  of  death  returns,  has  been  by  no  means  yet  attained. 

Considerations  of  this  kind  serve  to  strikingly  indicate  the  nature 
of  the  ditficulties  which  must  have  impeded  the  early  progress  of 
preventive  medicine.  The  troglodyte  flint-chipper  may  have  suffered 
from  what  is  now  known  as  "  silicosis,"  as  a  result  of  inhaling 
particles  of  flint  into  his  lungs  ;  the  Aryan,  with  the  adoption  of  the 
practice  of  domesticating  animals,  may  have  rendered  himself  liable 
to  maladies  such  as  are  now  known  to  be  communicated  from  these 
animals  to  man ;  the  immigrant  races  which  from  time  to  time 
peopled  Europe  may  have  brought  with  them  forms  of  exotic  disease, 
much  as  cholera  and  plague  have  been  conveyed  from  continent  to 
continent  within  recent  years.  With  regard  to  such  questions 
history  is  silent.  "  Pre-glacial  man,  the  short,  long-skulled  Iberians, 
the  tall,  fair,  long- skulled  Aryans,  the  tall,  broad-skulled  Turanians, 
the  small-boned,  broad-skulled  Mongolians,"  all  these  races  have 
lived  and  died  in  Europe,  but  of  their  diseases  no  record  suryives. 
Even  in  historic  times  the  references  to  epidemics  are,  during  the 
earlier  centuries,  of  the  most  meagre  description — indeed,  up  to 
the  date  of  appearance  of  the  Black  Death,  practically  nothing 
is  known  concerning  the  maladies  which  widely  prevailed  in  this 
country,  beyond  the  fact  that  certain  extensive  famines  from  time 
to  time  occurred,  and  that  in  particular  instances  outbreaks 
referred  to  as  "  the  great  fever,"  "  pestilence  and  murrain,"  "  plague 
and  murrain,"  "  destructive  pestilence,"  "  fever  and  flux,"  and  a  few 
others,  have  barely  left  their  mark  in  the  chronicles  of  the  times. 

Though  knowledge  as  to  methods  of  preventing  the  spread  of 
particular  diseases  is  of  quite  recent  origin,  there  are  certain 
principles  of  modern  hygiene  which  can  be  traced  back  to  compara- 
tively remote  ages.  Thus  the  old  fable  of  -<3Esop,  of  the  wolf  and 
the  lamb,  indicates  some  sort  of  recognition  of  risk  incidental  to 
pollution  of  supplies  of  drinking-water.  It  is  interesting  to  note 
that  it  was  not  until  Dr.  John  Snow's  investigations,  concerning 
the  cholera  outbreak  of  1848-49,  had  been  made,  that  water-borne 
infection  became  an  established  i-eality.  Again,  tliere  is  the  account 
given  in  the  twenty-second  book  of  the  "  Odyssey  "  of  the  proceedings 
of  Ulysses  after  the  killing  of  the  wooers.  Sir  John  Simon  refers 
to  this,  and  points  out  as  remarkable  tlie  fact,  that  the  place  of 
slaughter  was  cleansed  and  disinfected  "  by  such  washings  and  scrap- 
ings, and  especially  by  such  burnings  of  sulphur  as  Avould  be 
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prescribed  by  a  modern  nuisance  authority  in  like  circumstanceH.-^ 
Further,  it  may  be  conjectured  that  "  the  learning  of  the  Egyptians, 
in  which  MoKes  was  skilled,  was  in  part  concerned  with  questions 
of  health     The  directions  set  out  in  Leviticus  show  an  advanced 
state  of  knowledge  with  regard  to  such  matters.    The  methods 
adopted,  for  example,  in  dealing  with  a  house  affected  with  a 
plague  of  "leprosy"  are  specially  interesting.     Thus  there  is  the 
requirement  that  the  fact  shall  be  notified  to  the  priest,  and  the 
necessary  scrapings  and  plasterings  are  described  m  detail.  _  There 
is  moreover,  not  only  insistence  upon  removal  of  accumulations  ot 
filth,  but  also  upon  the  isolation  of  persons  suffering  from  con- 
tagious disease.  .         x  xi. 

Cave  deposits  and  the  "kitchen  middens"  bear  ^vltness  to  the 
lack  of  appreciation,  in  very  early  times,  of  the  evils  likely  to  result 
from  the  collection  of  accumulations  of  refuse  within  or  near  the 
dwelling  •  but,  on  the  other  hand,  the  remains  of  extensive  systems 
of  drainlge  designed  for  dealing  with  flood  and  surface  waters 
in  ancient  Nineveh,  and  in  cities  of  later  date  but  still  of  great 
antiquity,  show  that  already,  many  thousands  of  years  ago,  large 
works  were  undertaken  with  the  object  of  dealing  with  wast« 

Comin-  to  a  still  less  remote  period  of  history,  the  Koman  sewers, 
works  J  water  supply,  and  public  baths  and  latrines,  indicate  a 
greatly  advanced  stage  of  civilisation.  In  Rome  there  were  cbfimt. 
laws  relating  to  nuisances,  and,  m  some  of  the  cities  of  the  Roman 
Empire,  medical  officers  were  appointed  for  public  purposes,  and 
there  was  a  medical  service  for  the  poor,  men  being  employed  who, 
kno'^ng  themselves  "to  be  paid  by  salary  for  attending  to  the  poor, 
xnust  think  of  them  rather  than  of  the  rich.' 

In  the  centuries  which  succeeded  the  downfall  of  the  Roman 
Fmnire  there  was,  generally  speaking,  retrogression  rather  than 
p Ze  s  The  Araiifn  physicians  made,  however,  notable  advances. 
Rhfze  in  the  ninth  century,  wrote  in  Arabic  his  famous  "Treatise 
fn  the  Small-pox  and  Measles";  and  the  saying  attributed  to  him, 
"  When  you  can  cure  by  regimen,  avoid  having  recourse  to  medi- 

•  P  nnd  when  vou  can  effect  a  cure  by  a  simple  medicine,  avo  d 
cine,  and  when  you  c  ^^.^  .^^^^^  ^^.^^^ 

pniDloving  a  compound  one,  sau«« 

empio^i  S  r  :„fipp(;i  of  far  later  times. 

"'rr  C,  "   h  the  development  of  the  ™o„.,tic 

In  the  Middle  Ag  -  j„.„„„ye  t„  ,anit,tion  Wme  pre- 

,y,tem  m  Europe  .nfla«Ke« 

aommant.    S.r  J"^"  *  mo  ^^^^  ^ 

ZTZ:t^^^^-^^'^^  -ve,^  would  not  he  let  ,tln.,  or  th.t 
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the  qualities  of  public  water  supplies  would  be  cared  for."  But 
the  Middle  Ages  contributed  to  progress  inasmuch  as  the  lessons 
supplied  by  certain  great  epidemics  (the  Black  Death  in  the  four- 
teenth and  the  Sweating  Sickness  in  the  fifteenth  and  sixteenth 
centuries)  were  not  altogether  unheeded.  The  prevalence  of  leprosy 
after  the  time  of  the  Crusades  led  to  the  institution  df  leper  houses. 
In  1423,  Venice  established  its  first  lazaretto  for  defence  against 
Levantine  plague,  and  in  1485  a  permanent  health  magistracy  was 
created  in  that  city.  If  the  monastic  system  is  to  be  held  respon- 
sible for  neglect  of  cleanliness,  it  must  also  be  remembered  that 
to  it  Av-as  due  much  of  the  effort  made  in  those  early  times  to 
alleviate  the  sufferings  of  the  poor,  and  in  particular  to  it  belongs 
the  credit  of  the  introduction  of  hospitals. 

The  state  of  London  from  the  thirteenth  to  the  fifteenth  centuries 
was,  it  may  be  gathered,  such  as  urgently  to  need  an  active  sanitary 
administration.  In  1283,  however,  "tallow-melting  was  no  more  to 
be  allowed  in  Chepe";  in  1311,  "flaying  of  dead  horses  in  the  City 
or  suburbs  was  no  longer  to  be  allowed";  in  1371,  the  continuance 
of  plumber's  solder  melting  in  Eastcheap  was  "  made  conditional  on 
raising  the  shaft  of  the  furnace  and  in  1388  was  enacted  the  first 
English  general  statute  (12  Rich.  II.,  cap.  13)  against  nuisances 
near  cities  and  towns.  This  Act  imposed  a  penalty  of  no  less  than 
£20  upon  persons  who  cast  animal  filth  and  refuse  into  rivers  and 
ditches. 

The  ancient  courts  leet,  which  have  now  become  obsolete,  pre- 
sumably in  their  day  exercised  a  certain  amount  of  control  in 
.sanitary  matters,  and  it  may  be  noted  that  the  court  rolls  of 
Stratford-on-Avon  show  that  Shakespeare's  father  was  fined  in  1552 
for  depositing  filth  in  the  public  street,  in  violation  of  the  by-laws 
of  the  manor,  and  again  in  1558  for  not  keeping  his  gutter  clean. 

The  Tudor  legislation  is  specially  noteworthy  in  three  connections. 
In  the  first  place,  it  regulated  the  practice  of  medicine  and  surgery. 
The  charter  of  the  Royal  College  of  Physicians  of  London  dates 
from  the  tenth  year  of  Henry  VIII.,  and  that  of  the  Mystery  and 
Coiimionalty  of  the  Barbers  and  Surgeons  of  London  from  the 
thirty-second  year  (1540)  of  that  king's  reign.  Secondly,  an  Act 
of  1532*  authorised  the  issue  of  Connnissions  of  Sewers  for  "the 
overlooking  of  sea-banks  and  sea-walls,  and  the  cleansing  of 
rivers,  public  streams,  and  ditches."  In  the  third  place,  a  serious 
attempt  was  made,  in  the  Act  passeid  in  the  forty-third  year  of 
Elizabeth's  reign,  to  deal  with  mendicants  and  vagi-ants.  

VActTrelatinx  to  this  subject  had  ah-eady  been  passed  in  the  reigns  of 
the  two  earlier  Henrys. 
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At  about  this  time  it  appears  that  considerable  Avorks  of  town 
improvement  were  undertaken.    Thus,  Plymouth  obtained,  in  1.585, 
powers  to  provide  itself  with  a  public  water  supply  from  Dart- 
moor, and  some  thirty  years  later  the  water  supply  of  the  City 
of  London  was  improved  by  the  famous  New  Kiver  of  Sir  Hugh 
Myddelton.    Again,  the  City  records,  relating   to   this  period, 
speak  of  the  cleansing  of  Fleet  Ditch,  and  of  complaints  made 
because,  during  a  severe  frost,  "no  steps  had  been  taken  for  the 
removal  of  ice  and  snow."    Overcrowding  began  to  cause  uneasiness : 
a  proclamation  was  issued,  in  1580,  to  the  eflfect  that  there  should 
not  be  any  new  building  in  the  City  or  within  three  miles  of  its 
gates;  and  an  Act  of  1593  refers  to  the  "great  mischiefs"  which 
"daily  grow  and  increase  by  reason  of  pestering  the  houses  with 
divers  families,  harbouring  of  inmates,  and  converting  great  houses 
into  several  tenements,  and  the  erecting  of  new  buildings  in  London 
and  Westminster." 

After  this,  for  a  number  of  years  the  chief  subject  of  concern 
as  regards  the  public  health  was  plague.     In  1580  it  had  been 
raging  at  Lisbon;  in  1584,  "for  the  stay  of  infection"  m  London, 
burials  in  St.  Paul's  were  restrained— there  had  been  so  many, 
a,nd  these  "by  reason  of  former  burials  so  shallow,  that  scarcely 
any  graves   could  be   made  without   corpses  being  laid  open." 
James  I.  passed  stringent  laws  with  a  view  to  preventing  plague  : 
in  1625  there  was  a  serious  outbreak,  and  the  disease  prevailed 
from  1629-31.     Infected  houses  were  guarded,  and  a  red  cross 
was  set  upon  the  door ;  it  was  directed  that  the  streets  should 
be   kept  clean,  and  that  ditches  should   be  cleansed;  "antient 
women  "  were  appointed  to  visit  houses ;  the  dead  were  to  be  buried 
late  at  night;  lazarettos  were  established,  into  which  ships  coming 
from  foreign  ports  "might  discharge  their  cargoes  to  be  aired  for 
forty  days";  it  was  recommended  that  "on  the  arrival  of  any 
infected  vessel  a  list  should  be  made  of  all  persons  on  board,  and 
that  no  ships  or  vessels  should  "be  allowed  to  enter  tlie  Port  ot 
London  unless  they  brought  with  them  a  certificate  from  the  port 
authorities  whence  they  came."  .    r  ^r.A^„ 

The  mortality  caused  by  the  great  epidemic  of  166o  I^^^o" 
in  six  months  was  estimated  by  Macaulay  at  more  than  100,0UU 
De  Laune,  in  his  "  Memorials  of  London,"  records  the  WOgre.s  oi 
the  outbreak  as  shown  by  the  Bills  of  Mortality.  In  Hay,  1665, 
a  few  cases  occurred,  and  "great  persons  began  to  retire  into  the 
country."  In  June  "the  bill  increases  to  112,  next  168,  next  .67, 
next  470 ;  then  do  many  tradesn.en  go  into  the  country,  and  many 
ministers  take  occasion  to  absent  themselves  from  their  charge. 
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In  the  last  week  of  July  the  bill  rises  to  2,010 ;  in  the  last  week 
of  August  to  6,102.    "Now  there  is  dismal  solitude  in  London 
streets*  every  day  looks  with  the  face  of  a  Sabbath  observed  with 
greater  solemnity  than  it  used  to  be  in  the  City.    Shops  are  shut 
up,  very  few  walk  about,  so  that  grass  begins  to  spring  in  some 
places.    A  deep  silence  everywhere;  no'  rattling  of  coaches,  etc., 
no  calling   in  customers,  no  London  crys,  no  noise  but  dying 
groans  and  funeral  knells,  etc.    In  September  the  bill  rises  to 
6,988;  the  next  falls  to  6,544,  but  then  rises  again  to  7,165,  which 
was  the  greatest  bill."    The  bills  show  now  fairly  steady  decline, 
and  lessen  "more  and  more  to  the  end  of  the  year."    The  "re- 
markable occurrences  as  well  publick  as  private "  which  happened 
during  this  great  visitation  are  set  forth  in  Defoe's  "Journal  of 
the  Plague,"  which  has  been  described  as  a  work  of  fiction  leaving 
"  all  the  impression  of  a  genuine  narrative." 

In  the  next  year  the  fire  destroyed  the  old  City,  with  its  "  narrow 
irregular  passages,  wherein  houses  of  opposite  sides  often  nearly 
met  above  the  darkened  and  foetid  gangway,"  and  its  wood  and 
plaster  houses,  with  their  "hereditary  accumulations  of  ordure  in 
vaults  beneath  or  beside  them."  By  compelling  reconstruction 
the  fire  did  far  more  for  London  than  was  accomplished  by  the 
measures  of  quarantine  upon  which  rehance  had  hitherto  been 
mainly  placed.  The  Act  of  1667  provided  "that  streets  specially 
needing  enlargement  should  be  enlarged,  and  that  in  all  the  new 
houses  the  outside  and  party  Avails  should  be  of  brick  or  stone  " ; 
it  further  authorised  the  appointment  of  special  surveyors  to  see 
that  "  all  new  constructions  should  be  done  according  to  rule." 

The  time  had  now  come  when  observation  of  natural  processes 
was  beginning  to  receive  a  large  measure  of  attention,  and  the 
progress  made  by  Sydenham  and  his  successors  in  connection  with 
the  study  of  disease  could  not  fail  to  be  fruitful  of  results  in  regard 
to  preventive  medicine.  Sir  John  Simon  refers  especially  to  the 
advances  made  by  certain  investigators  in  the  eighteenth  and  in  the 
beginning  of  the  nineteenth  centuries,  and  he  styles  these  men — 
Mead,  Pringle,  Lind,  Baker,  Blane,  Jenner,  and  Thackrah — the 
"fathers  of  modern  preventive  medicine."  A  brief  account  may 
be  given  of  the  work  done  by  them. 

Mead's  "Short  Discourse  concerning  Pestilential  Contagion  and 
the  Methods  to  be  used  to  prevent  it,"  published  in  1720,  contains 
suggestions,  whicli  at  that  time  were  quite  novel,  for  tlie  establisli- 
ment  of  a  Central  Council  of  Health,  for  measures  of  isolation 
and  disinfection,  and  for  the  enforcement  of  cleanliness  and  the 
abatement  of  nuisances.    Pringle  discussed  "  Diseases  of  the  Army," 
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and  was  the  pioneer  of  hygienic  reform  in  connection  with  niilitai-y 
organisations.  Lincl  wrote  "On  the  Means  of  Preserving  the 
Health  of  Seamen,"  and  upon  Scurvy  and  Infection.  An  object 
lesson  showing  the  value  of  the  new  teaching  was  forthcoming  when, 
in  1776,  Captain  Cook  was  able  to  give  account  to  the  Royal  Society 
of  his  three  years'  voyage  in  the  Resolution  "  with  the  loss  of  only 
one  man  by  a  disease  "  out  of  a  company  of  118.  Blane  was  the 
author  of  "Observations  on  the  Diseases  of  Seamen,"  and  Baker 
of  an  "  Essay  concerning  the  Cause  of  the  Endemial  Colic  of 
Devonshire."  Jenner's  "Inquiry  into  the  Causes  and  Effects  of 
the  VariolEB  Yaccin^ "  dates  from  1798;  Thackrah's  treatise  on 
the  Diseases  of  Occupations  was  not  published  until  1831. 

Apart,  however,  from  increase  in  knowledge,  there  were  other 
factors  tending  to  improvement  of  the  condition  of  the  masses  in  the 
eighteenth  century,  prominent  among  these  being  what  Sir  John 
Simon  calls  the  "growth  of  humanity  in  British  politics."    As  a 
conspicuous  instance  of  the  influence  of  this  humanitarian  spirit  he 
refers  to  the  Avork  of  John  Howard.    Howard  became  impressed 
with  the  iniquities  of  the  prison  system  of  his  time,  and  at  his  own 
cost  undertook  an  elaborate  inquiry  with  a  view  to  exposure  of  the 
abuses  which  prevailed.    The  prisons  in  his  day  were  run  to  make  a 
profit ;  the  gaolers  lived  on  their  fees,  and  "  every  prisoner,  whatever 
the  way  in  which  he  became  a  prisoner,  had  to  pay  these  fees  before 
he  could  be  permitted  to  leave  the  prison."    It  is  little  to  be  won- 
dered at,  under  such  circumstances,  that  the  prisons  were  not  merely 
grossly  insanitary  themselves,  but  that  they  should  become  notorious 
on  account  of  the  way  in  which  infectious  disease  spread  from 
them.  "  Gaol  fever  "  became  a  byword,  the  "  atmosphere  of  the  prisons 
was  the  atmosphere  of  typhus,"  and  they  were  the  "  forcing-houses 
from  which  the  typhus  contagion  of  those  days  was  ever  overflowing 
into  fleets  and  barracks  and  hospitals,  and  was  a  constant  terror  to 
courts  of  justice  and  to  the  common  population."    Howard  wrote 
concerning  the  atmosphere  of  these  prisons :  "  My  reader  Anil  judge 
of  its  malignity  when  I  assure  him  that  my  clothes  were,  in  my  first 
journeys,  so  offensive  that  in  a  postchaise  I  could  not  bear  the 
windows  drawn  up,  and  was  therefore  obliged  to  travel  commonly  on 
horseback.  The  leaves  of  my  memorandum-book  were  often  so  tainted 
that  I  could  not  use  it,  till  after  spreading  it  an  hour  or  two  before 
the  fire ;  and  even  my  antidote,  a  vial  of  A  inegar,  has,  after  using  it 
in  a  few  prisons,  become  intolerably  disagreeable."    Howard  was 
called  before  the  House  of  Commons  to  bear  witness  to  wliat  lie 
had  seen  in  his  "  AVinter's  Journey,"  and  as  a  result  Acts  of  Parlia- 
ment were  passed,  to  provide  tliat  gaolers  should  no  longer  be  paid 
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by  fees,  and  with  the  object  of  reforming  the  sanitary  condition  of 
prisons.  What  was  done  as  regards  improvement  of  the  prison 
system  was  typical  of  much  else  accomplished,  during  the  century, 
in  connection  with  the  amelioration  of  the  lot  of  the  lower  grades 
of  society,  and  the  growth  of  "  a  sense  of  moral  responsibility  in 
national  affairs  "  prepared  the  way  for  the  important  new  develop- 
ments in  connection  ynth  sanitary  legislation  which  were  soon  to 
be  inaugurated. 

Only  a  brief  account  of  progress  in  public  health  effected  during 
the  early  part  of  the  nineteenth  century  can  here  be  given,  and 
consideration  must  be  limited  to  this  country;  the  English  code 
of  law  has,  however,  served  largely  as  a  model  for  imitation  else- 
where. Already  in  the  reign  of  George  II.  the  larger  towns  had 
begun  to  apply  to  Parliament  for  special  Acts  enabHng  them  to  deal 
with  paving,  lighting,  cleansing,  and  later  with  matters  of  more 
special  sanitary  concern,  but  the  great  impetus  which  determined  the 
undertaking  of  measures  of  reform  of  more  general  application  was 
again,  as  it  had  been  in  the  past,  the  dread  of  pestilence. 

In  1831  came  the  first  great  cholera  outbreak  of  the  last 
century,  with  its  death  toll  in  Great  Britain  of  upwards  of  30,000 
persons,  and  for  deahng  with  the  emergency  a  consultative  Board  of 
Health  was  formed.  This  Board  was  soon  replaced  by  a  new 
Central  Board  of  Health,  which  issued  regulations  and  advice  for  the 
guidance  of  Local  Boards  established  in  the  large  towns.  It  was,  no 
doubt,  largely  due  to  the  lessons  learnt  during  the  outbreak  that  the 
Municipal  Corporations  Act,  passed  in  1835,  gave  to  certain  towns 
general  powers  for  dealing  with  nuisances  ;  again,  the  sense  of  need  of 
knowledge  concerning  mortality  statistics  led  to  the  passing  of  the 
important  Act  of  1836,  which  established  the  General  Register  Office. 

In  1838-9  three  reports  were  made  to  the  Poor  Law  Com- 
missioners, which  did  much  to  direct  attention  to  the  need  for  further 
reform.  These  reports  were— (1)  A  joint  report  by  Drs.  Arnott  and 
Kay  "  On  the  prevalence  of  certain  physical  causes  of  fever  in  the 
metropolis  which  might  be  prevented  by  proper  sanitary  measures." 

(2)  A  report  by  Dr.  Southwood  Smith  "  On  some  of  the  physical 
causes  of  sickness  and  mortality,  to  which  the  poor  are  particularly 
exposed,  and  which  are  capable  of  removal  by  sanitary  regulations, 
exemplified  by  the  present  condition  of  the  Bethnal  Green  and 
"W'hitechapel  districts,  as  ascertained  on  a  personal  inspection." 

(3)  A  second  report  by  Dr.  Southwood  Smith  "On  the  pre- 
valence of  fever  in  twenty  metropolitan  unions  and  parishes  during 
the  year  ended  the  20th  March,  1838." 

The  first  two  reports  were  submitted  by  the  Connuissioners  as 
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evidence  of  the  need  of  provision  being  made  for  charges  upon  the 
rates,  arising  in  connection  with  "  nuisances,  by  which  contagion  is 
generated  and  persons  are  reduced  to  destitution."  They  de- 
monstrated the  need  for  power  to  deal  with  crowding,  bad  ventilation 
of  dwellings,  absence  of  drainage,  insufficiency  of  water  supply,  and 
so  forth.  The  third  report  showed  that  "  out  of  the  total  number  of 
persons  who  received  parochial  relief  "  during  the  year,  "  more  than 
one-fifth  were  the  subjects  of  fever,"*  and  urged  "the  prevention  of 
the  evil  rather  than  the  mitigation  of  the  consequences  of  it." 

The  teaching  of  these  reports  and  the  influence  exerted  by 
those  of  the  Registrar-General,  which  were  now  beginning  to 
appear,  led  to  the  appointment  of  a  Select  Committee  of  the  House 
of  Commons  to  inquire  into  the  Health  of  the  Inhabitants  of  Large 
Towns.  This  Committee,  known  as  Mr.  Slaney's  Committee,  reported 
in  1840.    Its  chief  recommendations  were  that  "Acts  should  be 
passed  for  tlie  better  regulation  of  buildings  and  construction  of 
sewers,  and  for  the  appointment  of  Local  Boards  of  Health  and 
inspectors."      The    Committee,   moreover,   commented    upon  the 
several  necessities,  of  deaHng  Avith  burial-grounds,  water-supply, 
and  lodging-houses,  of  providing  public  baths  and  open  spaces,  and 
of  effecting  the  clearance  of  certain  sites.    An  important  new  de- 
parture was  made,  too,  in  the  Act  which,  in  1840,  established 
gratuitous  public  vaccination— the  first  recognition  in  the  statute- 
book  "that  it  may  be  wise  economy  to  ofi'er  to  all  comers  the 
assistance  which  tends  to  prevent  future  still  larger  expense." 

In  1842,  two  further  important  reports  appeared.  The  one,  that 
of  a  Select  Committee  of  the  House  of  Commons  on  Burial  in  Toaviis, 
the  other  the  report  (in  three  volumes)  of  the  Poor  Law  Commis- 
sioners on  the  results  of  a  general  inquiry  which  had  been  ordered, 
on  consideration  of  the  reports  already  referred  to,  by  the  House 
of  Lords.  The  third  of  the  Poor  Law  Commissioners'  volumes 
contained  Mr.  Chadwick's  famous  "  General  Report  on  the  Sanitary 
Condition  of  the  Labouring  Population  of  Great  Britain." 

Mr.  Chadwick,  in  this  report,  demonstrated  the  serious  nature  of 
the  evils  existing ;  he  pointed  out  especially  the  difficulties  of  refuse- 
removal  when  hand-labour  and  cartage  had  to  be  resorted  to,  and 
showed  how  great  would  be  the  advantage  of  adopting  a  system  of 
water-carriage  with  improved  sewers,  and  with  geological  areas  as 
the  basis  of  operations.    He  also  insisted  on  the  need  of  nnproAang 

*  Out  of  77,186  paupers,  13,972  were  attacked  with  fever,  and  1,281 
I-Pd  Of  the  13  972  cases.  9.228  lived  in  WhitechapeL  Lambeth,  Stepney, 
St  George-the-Martyr,  Bethnal  Green.  Holborn.  and  St.  George-in-the-East, 
Unions  containing  less  than  half  the  total  metropolitan  population. 
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water  supplies,  and  of  appointing  medical  officers  independent  of 
private  practice  and  possessed  of  special  qualifications.     In  the  year 
folloMdng  (1843),  Mr.  Chadwick  supplemented  his  general  report  by 
a  special  one  "On  the  Practice  of  Interments  in  Towns."  The 
great  interest  excited  by  Mr.  Chadwick's  reports  led  to  the  appoint- 
ment of  a  Eoyal  Commission,  with  the  Dtike  of  Buccleuch  as  chair- 
man, which  presented  two  statements  to  ParHament,  one  in  1844 
and  the  second  in  1845.     These  reports  practically  endorsed  Mr. 
Chadwick's  recommendations,  and  led  to  the  passing,  firstly,  of  the 
'Nuisances  Removal  and  Diseases  Prevention  Act  of  1846  (which 
by  the  introduction  of  Boards  of  Guardians  as  Sanitary  Authorities 
first  extended  sanitary  legislation  to  rural  districts);  secondly,  of 
the  various  "Clauses  Consolidation  Acts"  of  1847  (designed  to  be 
incorporated  with,  and  thus  to  ensure  uniformity  in  the  provi- 
sions of,  various  private  Acts),  the  Towns  Improvement  Clauses 
Act,  Markets  and  Fairs  Clauses  Act,  Gas  Works,  Commissioners, 
Water  Works,  Cemeteries,  and  Towns  Police  Clauses  Acts;  and, 
thirdly,  of  the  PubUc  Health  Act  of  1848,  and  of  the  amended 
Nuisances  Removal  and  Diseases  Prevention  Acts  of   the  same 
year. 

The  main  provisions  of  the  Public  Health  Act  of  1848  were  as 
follows : 

1.  A  General  Board  of  Health  was  constituted  for  five  years. 

2.  The  system  of  summary  jurisdiction  for  dealing  with  health 
nuisances  was  established. 

3.  The  necessary  financial  and  administrative  arrangements  were 
made  for  carrying  into  effect  the  recommendations  of  the  Health  of 
Towns  Commission  with  regard  to  sewers,  water-supplies,  refuse- 
removal,  offensive  trades,  nuisances,  paving,  streets,  dwelling-houses, 
common  lodging-houses,  cellars,  burial-grounds,  etc.*  Local  Boards 
of  Health  were  to  be  formed,  either  upon  the  petition  of  not  less 
than  a  tenth  of  the  inhabitants  of  a  locality,  or,  in  places  where 
the  average  death-rate,  for  a  peridl  of  seven  years,  exceeded  23 
per  1,000,  upon  the  initiative  of  the  General  Board  of  Health. 

4.  Special  provision  was  made  for  copii^  with  formidable  pre- 
valences of  epidemic  disease. 

At  the  moment  when  the  new  General  Board  of  Health,  of  which 
Mr.  Chadwick  was  a  member,  commended  its  work,  the  second 
cholera  visitation  was  close  at  hand,  and  the  first  general  report 
of  the  Board  dealt  with  quarantine,  urging  that  reliance  should  not 

•  Baths  and  "Washliouscs  Acts  were  passed  in  1846-48.  The  special 
Common  Lodging  Houses  Acts  of  1851  and  1853.  and  the  Labouring  Classes' 
Lodging  Houses  Act  of  1851,  may  also  be  here  referred  to. 
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Toe  placed  on  this  means  of  combating  contagion,  but  on  sanitaiy 
improvement.  •  In  1850  the  Board  reported  on  a  "  scheme  for  extra- 
mural sepulture,"  and  on  the  Metropolitan  water-supply.  The 
Board  soon  found  itself  in  conflict  with  "  interests,"  and,  as  Sir  John 
Simon  says,  "  the  millions  of  population  still  under  the  free  ravages 
of  preventable  disease  had  not  yet  the  self-consciousness  of  an 
interest."  In  1854  the  Government  proposal  to  renew  the  tenure  of 
office  of  the  members  of  the  Board  was  defeated,  and  the  Board  was 
reconstituted,  with  a  paid  president  eligible  to  sit  in  the  House^  of 
Commons,  on  a  changed  plan,  Mr.  Chadwick's  official  career  being 
terminated. 

The  new  Board  commenced  its  career  coincidently  with  the  appear- 
ance of  the  third  cholera  outbreak,  and  a  council  of  members  of  the 
medical  profession  was  at  once  consulted  by  the  Board  with  regard 
to  the  measures  to  be  taken.  This  medical  council  included  among 
its  members  Neil  Arnott,  William  Lawrence,  John  Simon,  and 
William  Farr.  The  outbreak  of  cholera  naturally  led  to  further 
legislation.  A  Bill  was  introduced  in  1855  for  amending  the  Act  of 
1848,  but  was  subsequently  dropped,  save  as  to  a  clause  proA-iding  for 
the  continuance  of  the  Board  of  Health,  and  a  clause  enabling 
that  Board  to  appoint  a  Medical  Officer.  In  the  same  year  the 
Nuisances  Removal  and  Diseases  Prevention  Acts  were  amended, 
and  the  Metropolis  Management  Act  was  passed. 

Another  stimulus  to  reform,  apart  from  cholera  prevalence,  should 
be  mentioned  here.  The  failures  of  administration  in  connection 
with  the  Crimean  War  led  in  1855  to  the  appointment  of  a  Crimean 
Sanitary  Commission;  in  1857  a  Commission  on  Army  Regulations 
commenced  its  labours;  again,  in  1861  appeared  the  report  of  the 
Commissioners  appointed  to  make  suggestions  for  the  improvement 
of  the  sanitary  condition  of  barracks  and  hospitals.  In  the  same 
year  Miss  Nightingale's  "Notes  on  Hospitals"  was  published, 
and  the  Army  Medical  School  at  Netley  was  shortly  afterwards 
established. 

In  1855  a  central  medical  officership  had  been  constituted.  Ihis 
office  was  first  held  by  Sir  John  Simon,  who  during  the  seven 
years  prior  to  this  appointment  had  been  Medical  Officer  of  the 
City*  In  the  last-named  capacity  he  had  been  able  to  bring 
about  many  important  reforms.  Thus  "at  a  time  when  cesspools 
were  almost  universal  in  the  Metropolis,  and  while  in  the  mansions 
of  the  West-end  they  were  regarded  as  equally  sacred  with  the 

^  »The  first'Medical  Officer  of  Health  in  this  country  was  Dr.  Duncan,  who 
•was  installed  in  that  office  in  Liverpool  in  1847,  a  year  before  Mr.  Simon  s 
appointment  by  the  City  Corporation. 
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Avine  cellars,  they  had  been  abolished  for  rich  and  poor  throughout 
all  the  square  mile  of  the  City."  Again,  in  1851,  when  the  City 
Sewers  Act  of  1848  was  renewed  and  made  permanent,  a  first 
precedent  was  established  for  the  "registration  and  regulation  of 
the  tenement  houses  of  the  poor." 

As  Medical  Officer  of  the  Board  of  Health,  Sir  J ohn  Simon  prepared, 
in  1856,  a  report  "On  the  London  cholera  epidemics  of  1848-9  and 
1853-4  'as  affected  by  the  consumption  of  impure  water,"  and,  in  1857, 
a  comprehensive  report  on  vaccination.    In  1858  appeared  "Papers 
relating  to  the  Sanitary  State  of  the  People  of  England,"  by  Dr. 
Greenhow,  with  an  introductory  report  by  the  Medical  Officer  of  the 
Board.    This  inquiry  may  be  regarded  as  the  forerunner  of  the 
series  undertaken  in  the  years  succeeding  for  the  Privy  Council. 
The  Local  Government  Act  of  1858  handed  over  the  medical  duties 
of  the  General  Board  of  Health  to  the  Privy  Council,  at  the  same 
time  imposing  new  duties  in  connection  with  vaccination,  authorising 
the  making  of  inquiries  concerning  the  public  health  in  any  place  or 
places,  and  cUrecting  that  the  Medical  Officer  should  report  amiually, 
and  that  his  reports  should  be  presented  to  Parliament.   The  remain- 
ing (but  somewhat  reduced)  duties  of  the  General  Board  of  Health 
were  to  be  carried  out  by  the  Local  Government  Act  Office,  a  sub- 
department  of  the  Home  Office. 

The  newly-constituted  Medical  Department  under  the  Privy 
Council  was  largely  occupied  with  questions  relating  to  vaccination, 
but  special  inquiries  were  also  made,  concerning  certain  outbreaks  of 
disease— notably  into  diphtheria  prevalence  in  1859,  into  famine 
diseases  in  1862-3,  into  cerebro-spinal  meningitis  in  1865,  and  into 
cholera  in  1866.  Permanent  inspectors  were  appointed  to  carry 
out  the  work  of  the  Department  in  1865  and  1869.  Furthermore, 
hnportant  reports  were  made,  in  1862-4  on  food  interests  of  the 
country,  in  1862-3  on  dangerous  industries,  in  1863  on  hospitals, 
and  in  1864-5  on  the  dwellings  of  the  poorer  labouring  classes  in 
town  and  country. 

The  Nuisances  Removal  Amendment  Act  of  1863  empowered 
medical  officers  of  health  or  inspectors  of  nuisances  to  seize  unwhole- 
some meat,  fish,  fruit,  bread,  etc.,  and  in  1865  the  Sewage 
Utilisation  Act  (amended  in  1867)  was  passed.  The  important 
series  of  Factory  Acts,  which  dates  from  as  early  as  the  year  1802, 
had  at  first  been  mainly  concerned  with  limitation  of  tlie  hours  of 
labour  of  young  working  people,  but  direct  sanitary  provisions  were 
gradually  introduced,  and  a  section  of  the  Act  of  1864  provided  for 
the  cleanliness  and  ventilation  of  workrooms. 

Special  attention  must  be  called  to  the  Sanitary  Act  of  1866. 
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This  Act  declared  it  to  be  the  duty  of  Sanitary  Authorities  to  pro- 
vide for  the  proper  inspection  of  their  districts.  "  The  grammar  of 
common  sanitary  legislation  acquired  the  novel  virtue  of  an  im- 
perative mood."  In  default,  the  Chief  Officer  of  Police,  under  the 
direction  of  the  Secretary  of  State,  could  enforce  the  obligation. 
This  Act  furthei*'  made  reference  to  the  regulation  of  tenement 
houses,  and  it  extended'  the  definition  of  nuisances  to  overcrowded 
houses  and  workshops  and  to  smoke.  It  also  dealt  with  spread 
of  contagion  and  authorised  the  provision  of  hospitals  and  of 
apparatus  for  disinfection. 

The  year  of  cholera,  and  of  the  passing  of  the  Sanitary  Act,  was 
also  that  in  which  Buchanan  commenced  his  inquiry  concerning 
the  sanitary  effect  of  town  improvements  hitherto  made,  and  in 
1867  his  report  on  phthisis-distribution  appeared.  In  1867  the 
Vaccination  Act,  which  provided  "special  machinery  and  method 
to  promote  the  compulsory  intentions  of  1853,  and  instituted  'pay- 
ment for  results,'"  was  passed.  Another  Factory  Act  also  dates 
from  1867,  and  the  Merchant  Shipping  Act  of  the  same  year 
included  provisions  extending  protection  in  matters  of  sanitary 
importance  to  merchant  seamen. 

In  1869,  scarlatina  was  prevalent,  and  relapsing  fever  was 
diffused  in  the  poorer  parts  of  London.  In  the  same  year  a  system 
newly  introduced  on  the  Continent,  that  of  Animal  Vaccination, 
was  reported  on  by  Ballard  and  Seaton.  Another  Vaccination 
Act  was  passed  in  1871,  and  tHs  was  the  year  of  the  great  small- 
pox epidemic.  In  1871  there  was,  moreover,  a  threat  of  cholera 
invasion,  and  port  inspections  were  made  by  Netten  Eadchffe  and 
Buchanan.  The  principle  was  then  accepted  of  "letting  foreign 
infectious  arrivals  be  dealt  with  in  detail,  just  as  dangerous  infec- 
tions of  native  origin  would  be  dealt  with  in  the  same  localities." 
In  1870,  Auxiliary  Scientific  Investigations  were  proAaded  for,  and 
a  new  development  was  made,  in  connection  with  the  "  Quarterly 
Returns,"  expediting  the  publication,  for  the  whole  of  England,  of 
facts  already  presented  in  the  "  Weekly  Returns  "  relating  to  London, 
and  adding  materially  to  the  value  of  the  series  of  reports  now 
being  issued  by  the  Registrar-General. 

Certain  important  advances  in  knowledge  regarding  matters  of 
concern  in  relation  to  public  health  had,  it  may  be  noted,  been  made 
during  the  years  just  passed  under  re^dew.  The  differentiation 
between  varieties  of  continued  fever,  by  Jenner  and  others,  was 
already  effected  in  1849-52.  In  1859-60,  Dr.  William  Budd  urged 
that  enteric  fever,  like  cholera,  was  a  water-borne  disease ;  in  1863, 
Davaine's  researches  on  the  subject  of  the  anthrax  bacillus  were 
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published ;  in  1865,  Villemin  showed  that  tubercle  was  inoculable ; 
and  in  1870  the  possibility  of  certain  germs  of  infectious  disease 
being  transmitted  by  milk  was  established.  It  may  be  added  that 
the  years  1848-71  were  those  of  Pasteur's  chemical  investigations, 
of  his  fermentation  studies,  of  his  controversies  with  regard  to 
spontaneous  generation,  and  of  his  inquiries  concerning  wine,  beer, 
and  diseases  of  silkworms. 

The  period  in  which  public  health  legislation  had  been,  so  to  speak, 
on  trial  had  at  length  come  to  an  end,  and  it  was  with  the  object  of 
framing  a  new  and  comprehensive  statute  that  the  Royal  Sanitary 
Commission  (1869-71)  commenced  its  labours.  As  Sir  John  Simon 
says :  "  The  Legislature  for  a  quarter  of  a  century,  on  the  motion 
sometimes  of  one  department,  sometimes  of  another,  had  been  pro- 
ceeding tentatively,  and  with  many  renewals  of  attempt,  in  section 
after  section  of  the  vast  subject  matter;  and  the  successive  bits 
of  piecemeal  legislation,  uncombinable  except  with  gaps  and  over- 
lapping, and  sometimes  with  apparent  inconsistencies  of  intention, 
made  a  parquetry  which  was  unsafe  to  walk  upon."  It  was  not  only 
a  confusion  of  local  jurisdictions,  in  each  parish  "  the  privies  were 
under  one  authority,  and  the  pigsties  under  another,"  but  "  two  or 
three  central  departments,  variously  advised,  might  be  communi- 
cating Avith  some  single  locality  in  respect  of  some  single  sanitary 
subject  matter." 

On  the  recommendations  of  the  Sanitary  Commission  was  based  the 
legislation  which  in  1871  constituted  the  Local  Government  Board; 
that  embodied  in  the  Public  Health  Act  of  1872  (which  created 
Urban,  Rural,  and  Port  Sanitary  Authorities,  each  under  obligation 
to  appoint  one  or  more  Medical  Officers  of  Health),  and  in  the 
consolidating  Public  Health  Act  of  1875;  and  again  that  con- 
tained in  the  Sale  of  Food  and  Drugs  Act  of  1875,  the  Rivers 
Pollution  Act  of  1876,  the  Factory  and  Workshops  Act  of  1878,  the 
consolidating  Contagious  Diseases  (Animals)  Act  of  the  same  year, 
the  Public  Health  Interments  Act  of  1879,  the  Alkali,  etc..  Works 
Regulation  Act  of  1881,  and  the  Artisans'  Dwellings  Improvements 
Acts  of  1875-82.  As  a  result  of  the  work  of  the  Sanitary  Commis- 
sion, in  fact,  the  modern  era  was  inaugurated.  The  enactments  in 
force  at  the  present  time  Avill  be  referred  to  in  detail  in  a  later 
chapter. 
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The  importance  of  atmospheric  pollution  was  early  recogmsed ; 
indeed  it  was  the  custom  at  one  time  to  look  to  miasmatic  influences 
for  explanation  of  almost  any  unusual  prevalence  of  disease.  Thus, 
to  the  inhabitant  of  the  crowded,  insanitary,  plague-stricken  London 
of  three  hundred  years  ago,  "  this  most  excellent  canopy  the  air  may 
well  have  appeared  at  times  "  no  other  thing  than  a  foul  and  pestilent 
congregation  of  vapours."  In  the  light  of  modern  knowledge  ha^-lng 
re™l  to  the  sources  of  atmospheric  impurity,  to  the  ill  efi^ects  likely 
to\e  associated  with  certain  kinds  of  pollution,  and  to  the  extent  to 
which,  even  under  existing  conditions,  the  operation  of  purifying 
agencies  is  interfered  with,  there  is  good  reason  for  considering  the 
subject  of  the  relationship  of  air  to  disease  one  of  the  most  important 
within  the  scope  of  hygiene.  .  ^- 

Comparatively  little  has  hitherto  been  done  m  the  direction  of 
preventing  the  addition  of  impurity,  but  much  stress  has  been  laid 
on  the  im;ortance  of  securing  free  dilution,  if  not  complete  removal, 
of  noxious  matter  by  an  adequate  supply  of  "fresh  air.  lor  a 
right  appreciation  of  the  whole  question  it  is  necessary  first  to 
consider  the  nature  and  physical  properties  of  the  "canopy  or 
coverinc.  of  air  which  envelopes  the  earth,  and  to  deal  with  its 
chemical  constitution,  and  with  the  characteristics  and  mean^ 
detecting  the  more  commonly  occurring  impurities.  It  will  t  len  be 
po^ible  to  more  adequately  discuss  the  ill  effects  of  contaminating 
fnfluences,  and  to  more  fully  appreciate  the  operation  of  ventilation 
and  heating  in  relation  to  the  promotion  of  interchange  of  air. 

(I.)  The  Physical  Pkoperties  of  the  Atmosphere. 

The  atmospheric  covering  is  said  to  extend  upwards  of  fifty  miles 
beyond  the  earth's  surface,  and  on  this  basis  it  may  be  ca  culated 
St  there  are  some  10,000  million  cubic  miles  of  air  encircling  the 
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Wobe.  While,  however,  those  layers  of  the  atmosphere  which  adjoin 
the  earth  have  the  density  of  air  as  we  know  it,  the  outer  layers 
become  more  and  more  attenuated.  In  order  to  understand  how  this 
is  brought  about  it  is  necessary  to  refer  to  some  of  the  elementary 
properties  of  gases. 

A  gas  ever  tends  to  expand.  In  solids  what  is  called  the  force  of 
cohesion  comes  into  play,  the  same  force  is  traceable  in  liquids, 
though  in  far  less  degree ;  but  in  the  case  of  gases  the  constituent 
particles,  in  place  of  attracting,  actually  repel  one  another.  Thus,  if 
a  gas  be  introduced  into  a  flask,  it  pervades  the  entire  space,  and 
tending,  as  it  does,  to  expand  further,  it  exerts  pressure  upon  the 
sides  of  the  flask.  If,  in  place  of  a  rigid  flask,  an  elastic  enveloping 
surface,  such  as  a  bladder,  be  employed,  the  gas  will  dilate  it  until  a 
sufficient  counter-balancing  resistance  to  further  extension  is  produced 
by  the  bladder's  tendency  to  contract.  From  the  point  of  view  of 
the  gas  it  is  under  greater  or  less  pressure  from  without.  From  the 
point  of  vieAV  of  the  enveloping  surface  an  equivalent  pressure  is 
exei-ted  upon  it  by  the  gas  it  contains. 

In  a  gas,  as  in  a  liquid,  the  law  that  the  pressure  is  equally 
distributed  in  all  directions  holds  good.    This  principle,  which  was 
discovered  in  the  first  half  of  the  seventeenth  century  as  applying 
to  fluids  generally,  is  called  the  law  of  Pascal  or  Pascal's  principle. 
It  may  be  illustrated  by  the  case  of  a  quantity  of  gas  in  a  closed 
receiver,  fitted  with  tubular  openings  of  equal  size,  in  which  pistons 
work  in  a  direction  at  right  angles  to  the  surface  of  the  receiver. 
In  order  to  maintain  equilibrium  under  these  circumstances  pressure 
must  be  applied,  to  the  several  pistons,  to  counteract  the  expansive 
tendency  of  the  gas,  and  this  pressure  must,  in  the  case  of  each  piston, 
be  the  same:    In  the  corresponding  case,  in  which  liquid  fills  such  a 
receiver,  if  one  piston  be  subjected  to  pressure,  the  like  pressure  must 
be  applied  to  the  other  pistons,  if  they  are  to  be  maintained  in  posi- 
tion and  prevented  from  being  driven  outwards  by  the  pressure  trans- 
mitted through  the  liquid.  If  the  tubes  in  which  the  pistons  fit  have 
diff"ering  sectional  areas,  the  pressure  necessary  to  prevent  any  given 
piston  being  displaced  must  be  increased  in  proportion  to  the  area  of 
that  piston.    The  principle  here  involved  is,  of  course,  that  of  the 
hydraulic  or  Bramah's  press,  a  machine  in  which  the  work  done  in 
displacing  a  piston  of  small  sectional  area,  through  a  long  distance, 
is  transformed  into  svork  accomplislied  in  raising  a  piston  of  large 
sectional  area,  thyough  a  small  distance ;  thus  great  pressure  can 
be  exerted  by  the  application  of  a  small  force. 

In  further  illustration  of  the  ditsribution  of  pressure  in  gases, 
may  be  mentioned  the  fact  that  when  tlu;  hand  is  stretched  out,  .say 
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palm  upM'ardSjthe  pressure  exerted  on  the  palm  of  the  hand  is  counter- 
balanced by  the  upward  pressure  of  the  air  on  the  back  of  the  hand  ; 
•as  result,  the  fact  that  these  forces  operate  is  apt  to  be  lost  sight  of. 
That  such  pressures  have  a  very  real  existence  is,  however,  strikingly 
shown  in  the  experiment  of  the  Magdeburg  hemispheres,  which 
consist  of  two  hollow  cups  fitting  accurately  one  into  the  other. 
These  cups  are  readily  separable  under  ordinary  circumstances,  the 
pressure  of  the  air  upon  the  outside  of  the  cups  being  counteracted 
by  the  pressure  of  the  air  within  them,  but  if  the  air  inside  the 
cups  be  exhausted,  and  the  stopcock  with  which  one  of  the  cups  is 
■  fitted,  be  closed, -so  as  to  prevent  re-entry  of  air,  considerable  force- 
is  needed  to  pull  the  cups  apart. 

Weight  of  Air. — ^The  next  point  to  be  considered  is  that  the 
atmosphere  has  weight.  This  discovery  was  also  made  in  the  first 
half  of  the  seventeenth  century.  Galileo  is  said  to  have  experi- 
mented with  regard  to  the  weight  of  a  globe,  filled  at  one  time  with 
ordinary  air  and  at  another  with  compressed  air,  and  he  is  also 
said  to  have  noted,  in  connection  with  certain  fountains  of  the 
Grand  Duke  of  Tuscany,  that  air  would  not  rise  in  a  pump  more 
than  eighteen  cubits,  i.e.,  about  thirty-two  feet. 

The  lifting  pump,  in  its  simplest  form,  consists  of  a  cylinder,  fitted 
to  a  tube  placed  in  a  reservoir  of  water. .  At  the  junction  of  the 
tube  and  cylinder,  and  covering  the  opening  of  the  tube,  is  a  valve 
which  opens  upwards.  In  the  cylinder  a  piston  is  worked  by  means 
of  a  lever  (the  handle  of  the  pump),  and  this  piston  is  perforated  by 
an  opening,  covered  above,  on  the  upper  surface  of  the  piston,  by  a 
valve,  which  also  opens  upwards.  If  the  piston  be  raised,  its  valve 
remains,  owing  to  atmospheric  pressure,  closed  down  over  the  opening 
in  the  piston ;  the  air  beneath  the  piston,  and  between  the  two 
valves,  tends  to  become  rarefied  as  the  piston  ascends,  and  the  lower 
valve  therefore  opens,  and  air  (or  water)  from  below  is  sucked  into 
the  cylinder.  Inasmuch  as  the  atmospheric  pressure  is  continuously 
acting  on  the  surface  of  the  water  in  the  reservoir  outside,  whUe 
within  the  pump  the  pressure  tends  to  diminisli  when  tlie  piston 
ascends,  the  level  of  the  water  must  rise  in  the  tube.  As  the  piston 
descends,  however,  at  the  end  of  the  stroke,  the  upper  valve  opens 
and  the  lower  valve  closes  in  virtue  of  the  pressure  now  transmitted 
through  the  opening  in  the  piston.  When  the  piston  again  ascends, 
a  further  rise  in  the  water  level  inside  tlie  pump  occurs ;  water,  as 
the  strokes  succeed  one  another,  enters  the  cylinder,  then  passes 
upwards  through  the  perforated  piston,  and  is  ultimately  raised  to 
the  level  of  the  spout,  and  escapes. 
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The  fact  that  water  rises  in  a  pump,  was  at  one  time  explained 
by  saying  that  Nature  abhorred  a  vacuum;  the 
question  arose  why  this  statement  of  the  case, 
which  is  really  no  explanation  at  all,  no  longer 
applied   when  the   height,  through  which  the 
piston  was  raised,  exceeded  eighteen  cubits,  or 
thirty-two   feet.     Torricelli,  a  pupil  of  Galileo, 
seems  to  have  argued  that  the  water  must  be 
raised  in  the  pump  by  the  pressure  of  the  atmo- 
sphere, and  he  concluded  that  as  this  pressure  was 
capable  of  supporting  a  column  of  water  about 
thirty-two  feet  in  height,  it  could  only  manifest 
ability  to  support  a  proportionately  smaller  column 
of  a  more  dense  material,  such  as  mercury.   In  fact, 
mercury  being  thirteen  times  as  heavy  as  water, 
the  column  should  be  only  one-thirteenth  of  thirty- 
two  feet,  i.e.,  about  thirty  inches  high.     In  the 
year  1643,  Torricelli  made  his  famous  experiment 
of  inserting  a  glass  tube,  more  than  thirty  inches 
in  length  and  filled  with  mercury,  over  a  bowl 
containing  this  metal,  and  he  demonstrated  that 
the  mercury  fell  in  the  tube,  leaving  a  vacuum 
behind  it,  and  coming  to  rest  at  a  height  of  about 
thirty  inches  above  the  surface  of  the  mercury 
in  the  bowl. 

Pascal  subsequently  showed  that  the  height  of 
the  mercurial  column  supported,  steadily  diminished 
at  increasing  distances  above  the  earth's  surface, 
as  more  and  more  air  was  left  beneath,  and  a  less 
and  less  weight  of  air  remained  above  the  site  of 
the  experiment.  Thus  at  the  top  of  the  Puy  de 
Dome  he  found  the  mercurial  column  supported 
was  about  three  inches  less  in  height  than  it 
was  at  the  bottom  of  the  mountain. 

The  experiment  of  Torricelli  demonstrated  that 
the  atmosphere  has  weight,  and  the  appliance  he 
used,  i.e.  a  barometer  (from  the  Greek  words 
/3apos,  weight,  and  ixirpov,  a  measure),  has  been 
found  admirably  adapted  to  act  as  a  measure  of 
that  weight.  The  form  of  mercurij  barometer  now 
commonly  used  for  precise  measurement  of  atmo- 
spheric pressure,  is  that  known  as  Fortin's  cistern  fio.  i. 

.        ,  •    .  1  ^  a  Fortin's  Barometer, 

barometer,  shown  m  the  annexed  figure. 
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Through  the  glass  at  the  lower  part  of  this  instrument  the 
surface  of  the  mercury  in  the  cistern  can  be  seen.  From  the  brass 
covering  of  the  cistern  (just  above  the  glass)  an  ivory  pin  descends 
towards  the  mercury.  Before  taking  a  reading  of  the  upper  sur- 
face of  the  mercury  in  the  tube,  the  extremity  of  this  pin  must 
be  accurately  adjusted,  so  that  it  just  touches  the  surface  of  the 
mercury  in  the  cistern. 

The  reason  for  taking  this  precaution  is  that  the  level  of  the 
mercury  in  the  cistern  fluctuates  slightly  with  variations  of  atmo- 
spheric pressure,  and  it  is  therefore  necessary  to  bring  the  zero  of  the 
scale,  on  the  upper  part  of  the  barometer  tube,  into  exact  correspon- 
dence with  that  level.  This  is  done  by  turning  the  screw  (seen  at 
the  lower  extremity  of  the  instrument)  and  thus  bringing  pressure 
to  bear  upon  the  under  surface  of  the  cistern,  which  is  made  of 
flexible  leather.  By  this  expedient  the  lower  extremity  of  the  ivory 
point,  from  which  the  scale  is  measured,  can  be  made  to  exactly 
correspond  (so  that  with  its  reflection  it  forms 
a  double  cone)  with  the  surface  of  the  mercury 
in  the  cistern.  It  may  be  further  noted  that 
a  piece  of  chamois  leather  is  fitted  round  the  tube 
containing  the  column  of  mercury,  at  the  point 
where  it  is  inserted  into  the  case  of  the  cistern ; 
this  means  of  junction,  while  it  prevents  escape 
of  mercury,  does  not  exclude  the  transmission  of 
the  atmospheric  pressure,  thi\)ugh  the  pores  of  the 
leather,  to  the  surface  of  the  mercury  in  the 
cistern. 

The  ivory  point  having  been  adjusted,  the 
reading  of  the  thermometer  (seen  in  the  figure  at 
about  the  middle  of  the  barometer  tube)  may 
be  taken — the  object  of  ascertaining  this  reading 
will  be  seen  presently.  Attention  should  then  be 
directed  to  the  upper  surface  of  the  mercurial 
■15  column  in  the  barometer.  Here  the  adjustable 
scale  called,  after  its  inventor,  a  "vernier,"  is 
situated.  This  must  be  set  so  that  its  lower 
margin  is  precisely  tangential  to  the  convex 
upper  surface  of  the  mercurial  column.  The 
reading  is  then  made  by  noting  —  first,  the 
division  on  tlie  fixed  scale  immediatelj'^  below  tlie 
zero  of  the  vernier ;  and,  secondly,  the  number  of 
a  nTvll-'n^'e^r^m  divisions  which  liave  to  be  counted,  from  zero 
^^or29l84'inchei.°^  upwards,  on  the  scale  of  the  vernier,  before  one 
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of  the  divisions  of  the  latter  is  found  to  be  in  a  straight  line  ^.vith. 
a  division  on  the  fixed  scale. 

If  the  number  of  divisions  so  counted  be  multiplied  by  -002,  and 
the  result  added  to  the  first  reading  exhibited  on  the  scale,  the  final 
reading  of  the  barometer  is  obtained.  In  the  figure  the  first  reading 
noted  is  29-15,  and  seventeen  divisions  in  the  vernier  scale  have  to  be 
counted,  therefore  29-15+-034,  or  29-184,  is  the  final  reading.  Or 
more  shortly,  the  first  line  on  the  vernier  scale,  which  is  in  a 
straight  line  ynth  a  division  on  the  fixed  scale,  may  be  read  oS  at 
once  as  -034,  as  it  is  beyond  the  3  on  the  vernier  scale  (supplying 
the  figure  for  the  second  place  of  decimals)  and  is  situated  two- 
fifths,  i.e.,  four-tenths,  of  the  distance  between  3  and  4,  above  the  3 
on  that  scale  (supplying  4  as  the  figure  for  the  third  place  of 
decimals). 

The  principle  of  working  with  the  vernier  will  be  understood  if  it 
is  borne  in  mind  that  twenty-five  divisions  on  the  vernier  correspond 
to  twenty-four  on  the  scale.  Going  downwards,  therefore,  from  two 
diWsions  which  are  in  a  straight  line,  it  is  necessary  to  count 
twenty-five  divisions  of  the  vernier  before  again  reaching  two 
divisions  in  a  straight  line ;  the  first  division  of  the  vernier  reached 
will  be  one  twenty-fifth  of  a  scale  division  above  the  first  division 
of  the  scale,  the  second  two  twenty-fifths  of  a  division,  and  the 
seventeenth  seventeen  twenty-fifths  of  a  division  above  the  corre- 
sponding division  of  the  scale.  The  distance  last  named  is  that 
of  the  height  of  the  mercurial  column  above  the  first  reading  taken. 
Each  division  of  the  fixed  scale  represents  one-twentieth  of  an 
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inch,  therefore  the  vernier  reading  to  be  added  is  clearly 
inch,  or  -034. 

Certain  corrections  must  be  applied  to  the  reading  of  the  barometer 
thus  ascertained.    Some  of  these  are  corrections  which  apply  to  the 
particular  barometer  used — ^they  are,  so  to  speak,  personal  to  the  in- 
strument ;  thus,  index  errors  include  errors  in  graduation,  or  in  the 
position  of  the  zero  of  the  scale ;  the  correction  for  aqyacity,  i.e.,  for 
change  of  level  of  the  mercury  in  the  cistern,  has  also  to  be  made,  un- 
less this  correction  has  already  been  allowed  for  in  taking  the  reading  ; 
thirdly,  the  correction  for  capillarity  must  be  applied  so  as  to  com- 
pensate for  capillary  depression,  Avhich  causes  the  barometric  height 
to  be  somewhat  under-estimated.    The  corrections  necessary  to  com- 
pensate for  these  three  kinds  of  error,  at  every  half-inch  of  scale, 
are  furnished  in  a  table  which  is  supplied  witli  instruments  sent  out 
from  Kew  Observatory. 

Other  corrections  are  those  relating  to  temperature,  to  redmtion 


22 


MANUAL  OF  HYGIENE. 


to  sea  level,  and  to  unequal  inteiisity  of  gravity.  Correction 
for  temperature  is  necessary  owing  to  the  expansion  of  mercury 
under  the  influence  of  heat,  and  to  the  alterations  eflfected  in 
the  scale  of  the  barometer  itself  from  a  like  cause ;  these  factors 
must  be  allowed  for  in  all  precise  observations.  Hence  the  need 
for  taking  a  reading  of  the  thermometer,  as  described  above, 
at  the  time  when  the  reading  of  the  barometer  is  made.  The 
necessary  correction  for  temperature  is  ascertained  by  the  help  of 
tables  which  give  the  amount  of  allowance  to  be  made,  for  all 
ordinary  temperatures  and  heights  of  the  barometer.  Reduction  to 
sea  level  is  also  effected  by  means  of  tables.  Roughly  speaking, 
for  each  100  feet  above  sea  level,  one-tenth  of  an  inch  must 
be  added  to  the  barometric  reading.  The  correction  for  unequal 
intensity  of  gravity  requires  to  be  taken  into  consideration  when 
observations  are  made  at  places  in  which  the  intensity  of  gra-\-ity 
markedly  differs,  as,  for  example,  near  the  poles  and  at  the  equator. 

A  form  of  barometer  which  possesses  the  advantage,  as  compared 
with  the  mercury  barometer,  of  far  greater  sensitiveness  of  indication, 
is  that  known  as  Jordan's  glycerine  barometer.  The  height  of  the 
column  of  glycerine  supported  by  the  atmospheric  pressure  is  about 
twenty-seven  feet,  and  the  instrument  has  thus  far  greater  range  of 
variation,  in  correspondence  with  small  fluctuations  of  pressure,  than 
is  the  case  with  the  mercurial  barometer.  A  water  barometer  has, 
of  course,  even  greater  range  than  a  glycerine  barometer,  but  the 
vapour  tension  in  the  vacuum  is  so  considerable  a  source  of  error, 
as  to  militate  against  the  use  of  this  form  of  instrument.  The 
aneroid  barometer  (from  the  Greek  d,  priv.,  and  vT^pos,  wet,  damp) 
is  readily  portable  and  sensitive,  but  it  needs  to  be  tested  from 
time  to  time  by  comparing  its  readings  with  those  of  a  mercurial 
instrument.  This  form  of  barometer  consists  of  a  metallic  box  par- 
tially exhausted  of  air,  and  the  indications  are  aftbrded  by  the 
sensitively  responsive  movements  of  the  walls  of  the  box  in  accord- 
ance Avith  variations  of  atmospheric  pressure.  These  movements  are 
communicated  to  levers  and  are  thus  made  to  turn  an  index  needle 
which  moves  along  a  graduated  scale. 

The  syphon  may  be  here  referred  to,  as  it  also  strikingly  illustrates 
the  influence  of  atmospheric  pressure.  It  consists  of  a  bent  tube, 
open  at  the  ends,  and  liaving  one  arm  longer  than  the  other.  "SVlien 
this  tube  is  filled  with  liquid,  and  its  two  arms  are  placed,  one  (the 
shorter)  in  a  vessel  or  reservoir  containing  liquid,  and  the  other  (the 
longer  arm)  in  a  vessel  or  reservoir  placed  on  a  somewhat  lower  level 
and  also  containing  liquid,  it  is  found  that  flow  occurs,  up  the 
shorter  arm  and  down  the  longer  arm  of  the  syphon,  until  the  upper 
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reservoir  is  emptied,  or  until  the  level  of  liquxd  m  the  two  reservoirs 
becomes  the  same.    The  phenomenon  in  question  may  be  explained  as 
follows  :-At  the  point  where  the  shorter  arm  meets  the  surface 
of  the  liquid  in  the  higher  reservoir,  the  pressure  on  the  column 
within  the  tube,  tending  to  promote  the  flow  up  the  short  arm  must 
be  the  atmospheric  pressure,  less  the  weig^it  of  a  column  of  liquid 
whose  height  is  equal  to  that,  of  the  point  of  junction  of  the  long  and 
short  arms,  above  the  level  of  the  liquid  in  the  higher  renervoir. 
Similarly,  at  the  point  where  the  longer  arm  meets  the  surface  of  the 
Uquid  in  the  lower  reservoir,  the  pressure  on  the  column  of  liquid, 
tencHng  to  oppose  its  flow  into  the  lower  reservoir,  is  the  atmospheric 
pressure,  less  the  weight  of  a  column  of  liquid  whose  height  is  equal 
to  that,  of  the  point  of  junction  of  the  long  and  short  arms  of  the 
syphon,  above  the  level  of  the  liquid  in  the  lower  reservoir     As  the 
heLht  of  the  column,  determining  the  weight  to  be  deducted  is 
greater  in  the  latter  than  in  the  former  case,  the  pressure  tending 
to  promote  the  flow,  from  the  higher  to  the  lower  reservoir,  exceeds 
that  tending  to  oppose  it,  and  thus  the  discharge  takes  place. 

From  what  has  been  said  concerning  the  weight  of  the  atmo- 
sphere, it  will  now  be  clear  that  the  strata  of  air  near  the  earth  s 
surface,  which  have  to  bear  the  weight  of  a  considerable  quantity 
of   overlying  atmosphere,  must   be   far  more  dense  than  more 
outlying  strata  which  are  subjected  to  less  pressure.    The  experi- 
ence gained  in  mountain  and  balloon  ascents  may  be  referred  to 
as  showing  the  effect  of  breathing  rarefied  air.     The  "  mountain 
sickness  "  of  the  higher  Andes  and  Himalayas  has  been  experienced 
at  elevations  of  less  than  four  miles,  while  in  the  famous  balloon 
ascent  of  Messrs.  Glaisher  and  Coxwell  the  furthest  limit  of  penetra- 
tion into  the  upper  regions  of  the  air  was  less  than  seven  miles,  but 
those  observers  narrowly  escaped  with  their  lives.     On  the  other 
hand,  the  results  of  exposure  to  "compressed  air    are^ illustrated 
in  the  so-called  «  Caisson  disease  "  and  in  "  Divers'  palsy. 

Boyle  and  Mariotte's  law.-The  pressure  of  the  atmosphere 
due  to  the  superincumbent  weight  of  air  is,  if  the  air  be  at  rest  the 
same  for  all  points  in  the  same  horizontal  layer,  and  the  density  is 
also  the  same  for  such  points.  On  comparison  of  layers  at  diflerent 
horizontal  levels  the  pressure  and  density  of  course  increase  on  de- 
scending or  approaching  the  earth,  and  diminish  on  ascending.  But 
the  volume  of  a  given  amount  of  gas  varies  inversely  as  its  density, 
the  density  of  a  quantity  of  air,  occupying  one  cubic  foot,  being 
doubled,  when  the  air  is  compressed  so  as  to  occupy  half  a  cubic  toot 
i.e.,  only  half  the  original  volume.    Boyle  and  Mariotte  nearly  250 
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years  ago  independently  demonstrated  the  law,  which  governs  the 
relationship  between  pressure  and  density  on  the  assumption  that 
temperature  remains  constant.  This  law  may  be  stated,  for  the  case 
of  a  closed  receiA'er,  as  being  that  the  pressure  is  proportional  to  the 
mass  of  the  contained  gas.  Or,  generally,  the  pressure  exerted  by  a  gas 
is  proportionate  to  its  density,  and  therefore  inversely  proportionate 
to  its  volume,  temperature  remaining  constant.  Thus,  if  half  the  mass 
of  a  quantity  of  air  contained  in  a  flask  be  removed,  the  pressure 
exerted  on  the  sides  of  the  flask,  per  unit  of  surface,  Avill  be  found  to 
be  only  half  what  it  previously  was,  the  volume  of  the  air  remaining 
in  the  flask,  having  expanded  to  double  the  original  volume,  while 
its  density  is  noAv  only  half  the  original  density.  The  law  discovered 
by  Boyle  and  Mariotte  may  be  also  expressed  as  follows  : — If  V  and 
F'  be  the  volumes  occupied  by  the  same  mass  of  gas,  P  and  F\  D 
and      the  corresponding  pressures  and  densities,  then 

P    Fi  P  D 

—  =  y.,  or  what  comes  to  the  same  thing—  ~  jj^' 

Experimental  verification  of  the  truth  of  this  law  may  be  made 
by  means  of  what  is  called  Mariotte's  tube.  This  consists  of  a  glass 
tube  of  uniform  bore,  so  shaped  that,  when  fixed  to  an  upright 
support,  it  has  two  vertical  arms  connected  below  by  a  curved  inter- 
mediate portion.  One  vertical  arm  is  short  and  closed  at  the  end, 
the  other  much  longer,  and  open,  so  that  mercury  can  be  poured  into 
it.  Each  of  the  arms  has  marked  on  it  a  graduated  scale.  A  little 
mercury  is  poured  into  the  tube  so  as  to  occupy  its  lower  curved 
intermediate  portion,  and  also  so  much  of  the  extent  of  each  of  the 
vertical  arms  as  will  bring  the  mercury  up  to  the  two  zero  points  on 
the  graduated  scale.  The  level  in  the  two  limbs  is  then  the  same, 
and,  as  the  mercury  rests  in  the  curved  portion  of  the  tube,  one 
surface,  that  situated  at  the  zero  of  the  longer  vertical  limb,  is  under 
the  atmospheric  pressure  exerted  through  the  open  tube,  while  the 
other  surface,  that  situated  at  the  zero  of  the  shorter  limb,  is  also  under 
the  atmospheric  pressure  exerted  by  the  imprisoned  column  of  air. 
If  mercury  be  now  poured  into  the  longer  limb,  the  air  in  the  shorter 
limb  is  compressed,  and  if  the  addition  of  mercurj'  be  continued,  until 
the  top  of  the  column  in  the  longer  limb  stands  at  the  height  indi- 
cated on  a  barometer  nhove  that  of  the  shorter  limb,  the  air  in  the 
shorter  limb  -svill  be  found  to  occupy  only  half  the  volume  it  origin- 
ally filled.  The  pressure  exerted  on  the  imprisoned  air  is  now  the 
atmospheric  pressure  plus  the  weight  of  the  mercury  in  the  longer 
limb,  this  weight  being  itself  equal  to  the  atmospheric  pressure.  The 
imprisoned  air  is  therefore  subjected  to  twice  the  atmospheric  pressure, 
and  its  volume  has  therefore  diminished  to  one  half  its  original 
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volume.  If  mercury  be  added  in  the  longer  limb  until  the  reading 
on  the  scale,  giving  the  height  of  the  top  of  the  column  of  the  longer 
above  that  of  the  shorter  limb,  is  twice  the  barometric  height,  the 
imprisoned  air  \vill  be  subject  to  the  atmospheric  pressure  plus  twice 
the  atmospheric  pressure,  i.e.,  to  three  times  the  atmospheric  pres- 
sure, and  its  volume  will  now  be  found  to  be  one-third  of  its  original 
volume. 

In  thus  describing  the  relation  between  pressure  and  volume  it  has 
been  assumed  that  the  temperature  remains  constant.  It  is  neces- 
sary to  consider  what  happens  if  the  temperature  of  a  gas  be  raised 
or  lowered.  Gases,  like  solids  and  liquids,  expand  when  they  are 
heated,  but  the  expansion  of  gases  is  far  more  marked  and  more 
regular  than  that  of  solids  and  liquids.  The  meaning  of  this  state- 
ment will  be  rendered  more  clear  when  some  of  the  simpler  pheno- 
mena resulting  from  applying  heat  to  bodies  have  been  considered. 

Temperature. — When  two  bodies  are  placed  in  contact  heat 
passes  from  that  which  is  hotter  or  has  the  higher  temperature,  to 
that  which  is  colder  or  has  the  lower  temperature;  if  no  heat 
passes  the  bodies  are  said  to  have  the  same  temperature.  As  bodies 
expand  when  they  are  heated,  change  of  temperature  can  be 
measured  by  ascertaining  the  alteration  of  volume  which  occurs. 
In  the  ordinary  thermometer  the  apparent  expansion  of  mercury 
in  a  graduated  glass  tube  is  adopted  as  the  standard,  of  change 
of  volume,  to  which  all  questions  of  temperature  are  referred. 

In  constructing  a  thermometer  a  glass  tube  with  a  very  fine  and 
uniform  bore,  and  having  a  bulb  blown  at  one  end  of  it,  is  used. 
Upon  the  fineness  of  the  bore  depends  the  sensitiveness  of  the  instru- 
ment, its  ability  to  indicate  small  differences  of  temperature ;  upon 
the  uniformity  of  bore  depends  the  accuracy  of  the  correspondence 
observed  between  lengthening  of  the  mercurial  column  and  increase 
of  temperature.    In  filling  the  thermometer  the  bulb  is  first  heated, 
so  as  to  drive  air  from  the  instrumeiat,  and  the  mouth  of  the  tube  is 
then  plunged  into  a  vessel  containing  pure  mercury.    As  the  air 
in  the  tube  and  bulb  contracts,  the  mercury  will  rise  into  the  tube, 
and  reach  the  bulb.   By  alternately  heating  and  cooling  the  bulb, 
more  and  more  mercury  may  be  drawn  into  it.    The  instrument  is 
then  placed  in  a  furnace,  in  a  sloping  position,  bulb  downwards, 
until  the  mercury  boils,  and  its  vapour  has  expelled  all  air  from 
the  Vjulb  and  tube.    The  tube  is  then  hermetically  sealed  and,  on 
cooling,  a  continuous  column  of  mercury  is  found  filling  the  bulb 
and  part  of  the  tube,  the  other  part  being  left  empty. 

The  next  proceeding  is  to  determine  the  fixed  points,  which  corres- 
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pond  to  the  temperature  of  melting  ice  and  to  that  of  the  steam 
given  oflf  by  boiling  water  at  ordinary  atmospheric  pressure.  The 
thermometer  is  first  surrounded  by  melting  ice,  contained  in  a  vessel 
from  the  lower  part  of  which  the  water  produced,  as  melting  proceeds, 
can  escape ;  when  the  level  of  the  mercury  ceases  to  fall  "  freezing 
point "  has  been  reached ;  a  mark  is  scratched  with  a  diamond  on  the 
stem  at  this  point,  which  indicates  the  position  of  zero  on  the  Centi- 
grade scale.  Then,  to  determine  the  other  fixed  point,  the  thermo- 
meter is  immersed  in  the  steam  arising  from  pure  water  boiling  under 
ordinary  atmospheric  pressure,  and,  when  the  level  of  the  mercury 
has  again  become  stationary,  a  mark  is  made  on  the  stem  to  indicate 
"  boiling  point,"  100°  C.  If  the  atmospheric  pressure  is  not  exactly 
760  m.m.  a  small  correction  requires  to  be  made  as  regards  "  boiling 
point " ;  roughly  speaking,  a  difference  of  27  m.m.  in  pressure 
causes  a  difference  of  1°  C.  in  the  temperature  of  the  steam  produced. 

In  the  Centigrade  system  the  scale  between  the  two  fixed  points  is 
divided  into  100  degrees.  In  Reaumur's  scale  "freezing  point"  is  still 
zero,  but  "  boiling  point"  stands  at  80°.  Thus  a  degree  Reaumur  is 
five-fourths  of  a  degree  Centigrade.  It  is  easy  to  calculate,  therefore, 
to  what  temperature  Centigrade  any  given  temperature  Reaumur 
corresponds,  and  vice  versd.  In  the  case  of  the  Fahrenheit  scale 
freezing  point  is  no  longer  zero,  but  32°  F. ;  wliile  boiling  point  is 
212°  F.  Thus  the  range  of  temperatui'e,  which  in  the  Centigrade 
scale  is  represented  by  100°,  and  in  the  Reaumur  scale  by  80°,  is 
in  the  Fahrenheit  scale  represented  by  212°  — 32  or  180°.  Hence 

100        5         ^  ^ 
a  degree  Fahrenheit  is  equivalent  to  ^gQ,  or  -ths  of  a  degree 

80  4 

Centigrade,  and  to  'JgO  ^tiis  of  a  degree  Reaumur.  Thus 

In  converting  degrees  Fahrenheit  into  those  of  one  of  the  other 
scales,  or  vice  versd,  it  is  always  necessary  to  have  regard  not  only  to 
the  range  covered  by  a  degree,  but  also  to  the  position  of  zero  point 
on  the  Centigrade  and  Reaumur  scales,  as  compared  with  freezing 
point  on  the  Fahrenheit  scale.  In  the  case  of  thermometers,  as  has 
been  already  seen  with  regard  to  barometers,  certain  corrections  of  the 
observed  reading  require  to  be  made.  Thus,  what  is  called  displace- 
ment of  the  zero  point  occurs,  from  gradual  contraction  of  the  bulb, 
duo  to  a  molecular  change  in  the  glass;  this  alteration  is  rapid  at 
first,  but  becomes  negligible  after  a  year  or  so.  It  may  be  almost 
entirely  avoided,  therefore,  by  delaying  the  process  of  graduation 
until   some  time  after  tlie  tliermoraeter  has  been  sealed.  The 
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instruments  employed  for  precise  observations  should  have  been 
carefully  tested— a  Kew  certificate  is  regarded  as  essential  m  the 
thermometers  used  in  scientific  work.  _ 

Other  liquids  than  mercury  have  been  used  in  constructing  ther- 
mometers;  thus,  an  alcohol  thermometer  may  be  employed  when 
very  low  temperatures,  below  the  point  (f^bout  -39°  C.)  at  which 
mercury  congeals,  have  to  be  registered. 

Self-registering  or  maxiviiom  and  minimum  thermometers  indicate 
the  highest  and  lowest  temperatures  recorded  during  any  P^^ticular 
period     In  Rutherford's  minimum  thermometer  alcohol  is  the  fluid 
used,  and  a  small  index,  usually  of  glass,  is  placed  in  the  tube,  which 
should  be  kept  horizontal,  or  nearly  so.  When  the  column  of  alcohol 
expands  it  flows  past  the  index,  but  when  it  contracts  it  does  not. 
leave  the  index  behind  it,  but  draws  it  along  by  capillary  attraction, 
so  that  the  point  at  which  it  ultimately  rests  indicates  the  lowest 
temperature  attained.    In  Rutherford's  maximum  thermometer,  a 
mercurial  thermometer,  whose  stem  is  horizontal,  is  used  and  a  steel 
index  is  employed.    This  is  pushed  before  the  mercurial  column  as  it 
expands,  and  is  left  behind  when  the  mercury  contracts.    Thus  the 
hinder  end  of  the  index  indicates  the  highest  temperature  attained. 
The  thermometer  can  be  set  by  bringing  back  the  index,  usually  by 
means  of  a  magnet,  into  contact  with  the  end  of  the  column  of 
mercury.    This  instrument  is  liable  to  fail  completely  after  a  few 
years'  use,  as  chemical  action  occurs,  and  the  index  is  then  apt  to 
become  wetted  by  the  mercury. 

In  Phillips's  maximum  thermometer  the  column  of  mercury  is 
broken  by  a  small  bubble  of  air.  When  the  mercury  expands  it 
pushes  the  air  and  the  detached  mercury  in  front  of  it,  but  when  the 
temperature  is  lowered  the  detached  mercury  is  left  behind,  the  air 
expanding  as  the  end  of  the  column,  which  stretches  up  to  the  air 
bubble,  recedes.  In  Negretti's  maximum  thermometer  a  constriction 
exists  near  the  bulb,  which  allows  an  expanding  column  of  mercury 
to  pass,  but  is  able  to  offer  sufficient  resistance  to  prevent  the  cohesion 
of  the  mercury  drawing  the  column  back  as  the  bulb  cools. 

Expansion.— In  describing  the  expansion  of  bodies  under  the 
influence  of  heat  it  is  customary  to  make  use  of  the  expression  "  co- 
etticient  of  expansion."  The  co-efiicient  of  cubical  expansion  of  a 
body  is  the  increase,  per  unit  of  volume  of  the  body,  when  its  tem- 
perature is  raised  from  zero  to  one  degree.  In  the  case  of  solids  and 
lifiuids,  the  co-efficient  of  expansion  lias  varying  values  for  diflerent 
substances.  Thus  mercury  expands  under  the  action  of  heat  to  a 
much  greater  extent  than  glass,  and  upon  this  fact  the  use,  in  the 
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orclinsiry  thermometer,  of  a  column  of  mercury  in  a  glass  tuhe 
depends.  Again,  the  co-efficients  of  expansion,  in  the  case  of  solids 
and  liquids,  show  some  increase  as  the  temperature  is  raised,  though 
it  may  be  noted  that  the  co-efficient  of  expansion  of  mercury  is 
well-nigh  constant  at  all  ordinary  temperatures,  another  fact  of  im- 
portance in  connection  with  the  use  of  mercury  in  the  thermometer.  , 
In  the  case  of  gases,  however,  it  is  found  that  the  co-efficient  of 
expansion  is  practically  the  same  in  all  instances.  In  other  words, 
if  V„  and  be  the  volumes  of  a  gas  at  zero  and  at  t"  Centigrade, 
respectively,  then,  if  the  pressure  remain  the  same, 

V,  =  F„  (1  -f  at), 

1 

where  a  =  '003665  nearly,  i.e.,  approximately,  'iyj^,  and  where  for 

ordinary  purposes  this  value  may  be  regarded  as  constant,  whatever 
the  nature  of  the  gas  considered.  Again,  the  value  of  a  remains 
practically  the  same  for  all  the  ordinary  temperatures  indicated  by 
the  mercurial  thermometer.  It  will  now  be  seen  what  is  meant 
by  saying  that  the  expansion  of  gases  is  more  regular  than  that 
of  solids  and  liquids. 

In  discussing  the  increase  of  volume  caused  by  increase  of 
temperature  the  pressure  was  assumed  to  remain  constant;  con- 
sideration of  the  manner  in  which  pressure  varies  with  increase  of 
temperature,  if  the  volume  remains  the  same,  may  now  be  under- 
taken. If  Pt  ^nd  Pg  denote  the  pressures  per  unit  of  surface  of  a 
gas,  contained  in  a  vessel  of  fixed  volume,  at  temperatures  t°  and 
zero  Centigrade,  respectively,  it  is  found  that 

=  Pq  (l  -{-  at)  the  value  of  a  being,  as  before,  -003665  nearly. 

This  is  sometimes  called  the  law  of  Charles. 

Thus,  if  the  volume  remains  unaltered,  the  pressure  increases  with 
temperature,  to  the  extent  indicated  by  multiplying  it  by  the  factor 
(1  +  at),  and  it  has  been  seen  that,  if  the  pressure  remains  constant, 
the  volume  increases  with  temperature  to  the  extent  indicated  by 
multiplying  it  by  this  same  factor.  Boyle's  law,  it  will  be  remem- 
bered, is  to  the  effect  that  the  product  of  tlie  volume  and  pressure 
always  remains  the  same,  provided  the  temperature  remains  constant. 

It  may  be  stated  generally  that  the  product  of  tlie  volume  and 
pressure  of  a  gas  at  t°,  is  (1  +  at)  times  the  product  of  tlie  volume 
and  pressure  of  the  gas  at  zero,  or,  as  it  may  be  expressed  in  signs, 

(VP),  =  +aO. 

Of  this  general  statement  the  two  previously  given  are  of  course 
particular  cases,  for,  if  in  the  general  statement  the  volume  be  sup- 
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posed  to  remain  always  the  same,  the  product  of  volume  and 
pressure  is  proportional  to  the  pressure  only,  and  thus 

P,  =  P„  (1  +  at), 

while,  on  the  other  hand,  if  the  pressure  be  supposed  to  remain  the 
same,'  the  product  of  volume  and  pressure  is  proportional  to  the 
volume  only,  and 

=  F„  (1  +  at). 

As  a  gas  increases  by  ^  of  its  volume  for  each  degree  Centi- 
grade, it  follows  that  if  the  temperature  of  a  given  volume  at  0" 
were  raised  to  273°  C,  the  volume  would  be  doubled,  while  if  the 
temperature  could  be  lowered  to  -  273°  C,  and  the  law  of  contraction 
continued  to  hold  good,  the  volume  would  entirely  disappear.  The 
point  -  273°  C.  is  referred  to  as  the  absolute  zero  of  temperature, 
and  temperatures  reckoned  from  this  point  are  spoken  of  as  absolute 
temperatures.  If  T  denote  the  absolute  temperature,  the  relation 
between  the  volume,  pressure  and  temperature  of  a  gas,  assumes  the 
VP 

simple  form,  -jT  =  constant. 

The  following  examples  of  the  application  of  these  principles 

may  be  given  : — 

(i.)  To  what  volume  would  1000  c.c.  of  a  gas  at  15°  C.  expand 

if  the  temperature  rose  to  70°  C.  1 

Here  the  pressure  remains  constant,  and  V^,  the  volume  at  zero, 
must  be  multiplied  by  (1  +  15a)  to  give  the  volume  at  15°,  a 
being  -003665, 

or  F,  =  (1  +  15a)F„ 
and  F:o,  the  volume  at  70°  must  be  given  by  the  equation 

F.„  =  (1  +  70a)  F„ 

From  the  first  equation,  F„  =  ^  ^.  '^g^  and  from  the  second 
equation,  v„=-^_^ 

F.»       _  Fo 
1  +  15a  ~   1  +  70a 

Multiplying  crosswise 

V,,  (1  +  15a)  =  F„  (1  +  70a)  =  1000  (1  +  70a) 

1000  X  1-25655       ,,r,,  ^  i 
•••   ^^:o=  — T054975-    =  1191-07  C.C.,  nearly. 
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(ii.)  Calculate  the  volume  to  which  1000  c.c.  of  air  expand 
when  the  temperature  rises  from  50""  F.  to  90"^  C. 

Here  again  the  pressure  remains  constant,  but  the  temperatures 
are  now  expressed  in  different  scales.  They  must,  if  the  value 
•003665  is  to  be  applied  to  a,  be  both  referred  to  the  Centigrade 
scale. 

50°  F.  is  18°  F.  above  freezing  point,  the  zero  of  the  Centigrade 

1      ,   .    .     100  6 

scale,  and  each  degree  Fahrenheit  is  -jg^  or  gths  of   a  degree 

Centigrade. 

5 

.-.   50°  F.  =  g  18°  C.  =  10°  C. 

Proceeding  as  before        Fio  =  (1  +  10a) 

and  F„o  =  (1  +  90a)  V, 
.:  F90  (1  +  10a)  =  F,o  (1  +  90a) 
p'lo  is  the  volume  at  10°  C,  i.e.,  at  50°  F.,  i.e.,  1000  c.c. 
.-.  Fo,,  (1  +  -03666)  =  1000  (1  +  -32985) 
1329-85 

•■•        =  rM665  ^  1282-83  c.c,  nearly. 

(iii.)  A  gas  initially  at  volume  4500  c.c,  temperature  100°  C, 
and  a  pressure  represented  by  75  cm.  of  mercury,  has  its  pressure 
increased  by  1  cm.  of  mercury,  and  its  temperature  raised  to 
200°  C.    Find  its  final  volume. 

Supposing  the  temperature  to  remain  at  100°  C,  an  increase  of 
1  cm.  of  pressure  would  cause  the  volume  of  the  gas  to  diminish  to 
the  value  F,  where  F  X  76  ='4500  x  75,  by  Boyle's  law  as  to  the 
constancy  of  the  product  of  volume  and  pressure,  when  the  tem- 
perature remains  the  same. 

/  4500x75  ^^  , 

If  this  volume  of  gas       F  =   c.c.  at  100°  C.  )  be 

lowered  to  zero  temperature,  the  pressure  now  remaining  constant 
at  76  cm.  of  mercury,  its  volume  will  be  further  diminished  in  the 
proportion  represented  by  dividing  it  by  (1  +  100  X  -003665),  i.e.,  by 
1-3665. 

4500x75 

Thus  the  new  volume  aviII  be  75  ^  1-3665 

If  this  new  volume  be  now  raised  to  200°  C,  the  pressure  still 
remaining  constant  at  76  cm.  of  mercury,  it  will  increase  in  the 
proportion  represented  by  multiplying  it  by  (1  +  200  x  -003665), 
i.e.,  by  1-733. 

Thus  the  final  volume  of  the  gas  at  200°  C.  and  76  cm.  pressure 

_  4500  X  75      J. ^33  ^  5g32  ^.c.  nearly. 
76  X  1-3665 


AIR. 


31 


Mixtures  of  Gases  and  Vapours.— The  word  vapour  is 
applied  to  the  gaseous  state  of  bodies  usually  met  with  in  the  solid 
or  liquid  condition— thus  it  is  customary  to  speak  of  water  vapour, 
the  vapour  of  arsenic,  and  so  on;  while  the  term  gas  is  applied 
more  especially  to  bodies  commonly  met  with  in  the  gaseous  con- 
dition.   If  a  liquid  be  allowed  to  evaporate  into  an  empty  space, 
it  at  first  rapidly  assumes  the  form  of  vapour,  and  as  the  amount  of 
the  latter  is  augmented,  the  "  elastic  force,"  "  pressure,"  or  "  tension," 
as  it  is  called,  exerted  by  it  upon  the  boundaries  of  the  space  will 
increase.   At  length,  however,  a  limit  will  be  reached,  beyond  which 
no  -more  liquid  will  pass  into  a  state  of  vapour ;  the  space  is  then 
said  to  be  saturated,  and  the  vapour  contained  in  it  is  at  maximum 
.density  and  pressure,  for  the  temperature  concerned.    If  the  tem- 
perature be  raised,  the  maximum  density  and  pressure  increase ;  or, 
in  other  words,  the  higher  the  temperature,  the  greater  the  quantity 
of  vapour  required  to  saturate  a  given  space. 

If  a  liquid  evaporate  into  a  space  filled  with  dry  gas,  saturation 
will  be  attained  more  gradually  than  in  the  case  of  evaporation  into 
a  vacuum,  but,  ultimately,  the  same  amount  of  liquid  will  be  eva- 
porated; again,  when  a  gas  is  saturated  with  vapour,  the  actual 
pressure  of  the  mixture  is  the  sum  of  the  pressures  due  to  the  gas 
and  vapour  considered  separately.    These  two  laws,  concerning  mix- 
tures of  vapour  and  gas,  are  sometimes  called,  after  the  name  of 
their  discoverer,  Dalton's  laws.     It  may  be  noted  that  experi- 
ments seem  to  show,  as  regards  the  first  law,  that  it  is  not,  strictly 
speaking,  exact,  inasmuch  as  to  a  very  slight  extent  the  quantity  of 
vapour  taken  up  is  diminished,  as  the  density  of  the  gas  simultane- 
ously occupying  the  space  is  increased.    Again,  the  second  law  holds 
good  whether  the  quantity  of  vapour  reaches  the  point  of  saturation 
or  falls  short  of  it;  thus  it  may  be  stated  generally  that  in  the 
case  of  a  mixture  of  gases  and  vapours,  the  total  pressure,  on  the 
walls  of  the  containing  vessel,  is  the  sum  of  the  pressures  due  to 
the  several  gases  and  vapours  considered  separately. 

A  mixture  of  air  and  vapour  obeys  the  ordinary  laws  applicable 
to  mixtures  of  gases,  provided  none  of  the  vapour  becomes  condensed  ; 
it  is  because  of  the  liability  to  the  occurrence  of  condensation  on 
the  part  of  the  vapour,  as  the  result  of  changes  of  temperature 
and  pressure,  that  the  subject  of  mixtures  of  gas  and  vapour  requires 
special  consideration.  The  vapour  in  question  in  dealing  witli  air 
is  of  course,  water  vapour.  If  air  be  saturated  with  moisture,  and 
while  the  pressure  remains  constant  a  reduction  of  temperature 
occurs,  some  of  the  aqueous  vapour  is  condensed,  forming  water. 
If,  again,  a  non-saturated  mixture  of  air  and  vapour  be  cooled 
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down,  at  constant  pressure,  the  point  of  saturation  will  be  at  lengtli 
reached,  and  when  this  is  attained  condensation  occurs.  The  tem- 
perature at  which  saturation  of  the  air  with  vapour  is  reached  is 
termed  the  "dew  point."  Now,  throughout  this  cooling  process, 
up  to  the  time  when  condensation  occurs,  the  vapour  pressure 
will  have  remained  unchanged,  for  both  the  gas  and  vapour,  in 
the  mixture,  are  subject  to  the  laws  of  Boyle  and  of  Charles, 
and  the  coefficient  of  expansion,  a,  is  the  same  for  each;  hence 
whatever  change  is  undergone  by  the  total  pressure  must  be 
equally  undergone  by  each  of  the  constituent  pressures.  But  the 
total  pressure  remains  unchanged,  free  communication  with  the 
external  atmosphere  being  assumed,  and,  therefore,  each  of  the 
constituent  pressures  also  remains  unchanged.  In  other  words, 
the  product  of  the  volume  and  pressure  of  the  mixture,  divided  by 
T,  its  absolute  temperature,  is  constant,  and  the  product  of  the 
volume  and  pressure  of  the  vapour,  divided  by  T,  is  also  constant. 

^         .....       VP  VP' 

Jixpressing  this  m  signs        is  constant,  and  -^f-  is  also  constant. 

V 

But  as  P  is  constant,  j,  must  be  constant,  and  hence  /"  is  constant. 

Thus  the  actual  vapour  pressure  in  the  air  which  is  cooled  down, 
remains  throughout  that  which  obtains  when  the  dew  point  is 
reached.  At  this  point  the  air  is  saturated,  and  the  vapour  pressure 
is  the  maximum  pressure  for  that  particular  temperature.  Hence 
the  actual  vapour  pressure,  in  a  portion  of  air,  ma}'  be  determined 
by  ascertaining  the  temperature  at  which  condensation  occurs,  and 
finding  what  vapour  pressure  corresponds  to  saturation  of  the  air 
with  vapour  at  that  temperature. 

The  maximum  pressure  of  A^apour  corresponding  to  different  tem- 
peratures was  first  determined  by  Regnault,  who  constructed  a  table 
showing  that  in  the  case  of  Avater  vapour,  the  maximum  pressure 
varied  from  some  4*6  m.m.  of  mercury  at  0°  C,  up  to  some  148  m.m. 
at  60°  C,  and  to  760  m.m.  at  100°  C.  It  Avill  be  noted  that  the 
maximum  pressure  at  boiling  point  is  the  atmospheric  pressure, 
7 60  m.m. ;  a  little  consideration  Avill  make  it  clear  why  this  should 
be  so.  The  pressure  on  a  rising  bubble  of  vapour  is,  of  course, 
the  atmospheric  pressure  plus  tlie  weight  of  water  above  it ;  thus, 
if  the  bubble  reaches  the  surface  it  must  still,  on  arriving  there, 
have  a  A^apour  pressure  equal  to  the  pressure  of  the  atmosphere. 
In  other  words,  in  order  that  bubbles  of  vapour  may  escape  at  the 
surface,  the  vapour  pressure  must  be  equal  to  atmospheric  pressure ; 
hence,  also,  a  liquid  may  be  said  to  be  boiling  Avhen  it  gives  off 
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%Hpour  of  the  same  pressure  as  the  atmosphere  above  it.  The 
boiling  point  will  be  somewhat  higher  in  the  deeper  layers  of  the 
water  than  it  is  at  the  surface  ;  for  this  reason,  in  finding  the  fixed 
point  of  a  thermometer,  the  instrument  is  plunged  into  the  steam 
evolved  from  the  water  and  not  into  the  water  itself. 

Again,  it  will  be  clear  that,  at  increasing  heights  above  sea 
level?  the  boiling  point  will  progressively  become  lower  and  lower, 
and  given  the  boiling  point,  the  atmospheric  pressure  and  hence  the 
height  above  sea  level,  can  be  determined  by  reference  to  a  table, 
such  as  that  constructed  by  Regnault,  showing  the  maximum  pres- 
sure of  aqueous  vapour  corresponding  to  different  temperatures. 

In  studying  the  condition  of  the  air'  with  respect  to  its  contained 
water  vapour,  it  is  important  to  know  not  so  much  the  actual  amount 
of  vapour  present,  as  the  proportion  which  this  actual  amount  bears 
to  the  quantity  there  would  be  if  the  air  were  saturated.  This  ratio 
is  termed  the  "  humidity,"  or,  sometimes,  the  "  relative  humidity." 
If  the  relative  humidity  be  low,  the  air  usually  gives  the  sensation 
of  dryness  ;  if  high,  the  air,  as  a  rule,  appears  damp  ;  and  this  remains 
true,  although,  in  the  former  case,  it  may  be  found  that  the  actual 
amount  of  vapour  is  considerable,  or,  in  the  latter  case,  that  it  is 
small. 

Relative  humidity  may  be  defined  as  the  ratio  of  the  mass  of 
vapour  existing  in  a  given  space,  to  the  amount  which  would  satu- 
rate the  space  at  the  particular  temperature  under  consideration. 
In  this  country  the  relative  humidity  is  commonly  found  to  be 
about  70  per  cent. 

Hygrometers  (iypos,  moist)  are  instruments  used  for  measuring 
the  amount  of  moisture  in  the  air.  They  belong  to  one  of  four 
classes— chemical  hygrometers,  and  hygrometers  of  absorption,  of 
condensation,  and  of  evaporation.  In  the  chemical  hygrometer  the 
amount  of  aqueous  vapour  is  determined  by  drawing  air,  by  means 
of  an  aspirator,  through  a  system  of  U  tubes  containing  fragments 
of  pumice  soaked  in  sulphuric  acid,  and  ascertaining  the  increase 
of  weight  which  occurs.  This  method  is  too  laborious  for  ordinary 
application.    The  other  three  forms  of  hygrometers  are  as  follows : 

(i.)  Certain  organic  substances  readily  absorb  moisture  from  the 
air,  and  are  said  to  be  hygroscopic.  Such  substances  undergo  con- 
traction or  elongation,  in  correspondence  with  the  amount  of  water 
they  have  absorbed,  and  these  alterations  of  shape  can  be  used  to 
measure  the  condition,  as  regards  moisture,  of  the  atmosphere  by 
which  the  hygroscopic  substance  is  surrounded.  Thus,  in  De  Saus- 
.sure's  hygrometer,  a  hair,  freed  from  grease,  is  fixed  at  one  end, 
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and  at  the  other  is  attached  to  an  indicating  apparatus.  Tlie  liair 
contracts  and  elongates  with  increase  and  diminution  of  humidity, 
and  these  movements  are  recorded  by  a  needle,  whose  point  moves 
along  a  scale  which  can  be  empirically  graduated. 

In  the  simple  form  of  the  instrument,  the  hair  is  attached  to  tlie 

short  arm  of  a  rotating  needle,  and  by 
its  contraction  carries  the  index  arm 
away  from  the  position  of  zero.  The 
longer  arm  returns  to  zero  when  tlie 
tension  of  the  hair  relaxes,  as  there  is 
a  small  counterbalancing  weight.  Iji  a 
modification  of  the  instrument  tlie  hair, 
after  passing  round  the  axle  on  wliich 
the  needle  revolves,  is  attached  to  a  light 
spring.  De  Saussure's  hygrometer  can- 
not, as  a  rule,  be  relied  upon  for  exact 
observations,  but  it  is  not  infrequently 
used  in  places  where  intense  frosts  intei'- 
fere  with  the  action  of  the  evaporatioji 
hygrometer,  to  be  presently  referred  to. 

There  are  certain  other  materials  pos- 
sessed of  hygroscopic  property  which  ai-e 
occasionally  utilised  to  determine  '  tlie 
amount  of  moisture  in  the  air.  Tlius 
a  piece  of  sea- weed  is  sometimes  em- 
ployed, inasmuch  as,  by  reason  of  the 
salts  it  contains,  it  becomes  damp  in  wet 
weather,  and  dry  when  the  amount  of  moisture  in  the  air  undergoes 
decrease.  Again,  there  is  the  toy  weather-indicator,  consisting  of  a 
house,  from  which  the  figure  of  a  woman  emerges  in  dry  weatlier, 
and  that  of  a  man  in  damp  weather  ;  this  phenomenon  being  due 
to  the  expansion  and  contraction  of  a  piece  of  catgut,  by  which 
the  figures  are  moved. 

(ii.)  Dew  point  hygrometers  record  the  temperature  at  whicli  con- 
densation of  vapour  occurs.  Dines'  hygrometer  has  a  chamber,  in 
which  cold  water  can  be  made  to  circulate  around  the  bulb  of  a 
thermometer.  At  the  upper  part  of  the  chamber  is  a  plate 
of  black  glass ;  as  soon  as  the  cooling  process  reaches  the  point  at 
which  dew  appears  on  the  black  glass,  tlie  thermometer  is  read, 
and  the  flow  of  cold  water  being  then  stopped,  the  thermomet+M-  is 
again  read  when  the  dew  disappears.  The  mean  of  the  two  readings 
gives  the  dew  point. 

In  Daniell's  hygrometer  cooling  is  effected  by  the  evaporation 


FIG.  3. 

De  Saussure's  Hygi-ometer. 
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of  ether.  The  instrument  consists  of  two  globes,  connected  by  a 
bent  tube.  One  globe,  made  of  black  glass,  contains  a  little  ether 
and  has  a  thermometer  fixed  in  it ;  the  bent  tube  contains,  of  course, 
ether  vapour.    The  second  globe  is  moistened  externally  with  ether, 


FIG.  4. 
Dines'  Hygrometer. 

the  evaporation  of  which,  causes  condensation  of  ether  vapour  in  the 
globe,  and  tliis  excites  evaporation  of  the  ether  in  the  thermometer- 
containing-globe,  with  consequent  lowering  of  temperature.  The 
temperature  recorded  when  dew  is  deposited  on  the  black  globe  is 
observed,  and  that  registered  when  the  dew  disappears  is  also  noted  ; 
^s  before,  the  mean  of  these  readings  gives  the  dew  point. 

Regnault's  liygrometer  is  an  improved  form  of  Daniell's  hygro- 
meter, in  which  evaporation  of  the  ether  is  produced  by  drawing  air 
through  it  by  means  of  an  aspirator.  By  this  means  the  ether  is 
kept  in  agitation,  and  uniformity  of  temperature  is  thus  secured. 
Eurther,  arrangement  is  made  for  the  operator  to  observe  the  deposi- 
tion of  dew  from  a  distance,  and  so  the  disturbing  influence  of  his 
proximity  to  the  instrument  is  eliminated.  Again,  a  silver  cap  is 
substituted  for  the  less  sensitive  black  glass  globe  ;  furthermore,  this 
liygrometer  can  be  manipulated  with  alcohol,  a  considerable  advan- 
ta  «,'(•.  when,  as  is  the  case  in  warm  climates,  the  much  more  volatile 
(ither  can  only  with  difficulty  be  employed. 

(iii.)  The  form  of  hygrometer  which  is  commonly  used  in  temperate 
climates  is  the  "  wet  and  dry  bulb,"  Mason's  hygrometer,  or  August's 
psychrometer,  as  it  is  called  abroad.  This  instrument  consists  of  two 
ordinary  thermometers,  one  of  which  has  its  bulb  covered  with  nuxslin, 
which  dips  into,  or  communicates  by  means  of  a  wick  of  cotton  witli, 
a  v(;ssel  containing  distilled  water.    The  dry  bulb  gives  the  tempera- 
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ture  of  the  air,  the  wet  bulb  gives  a  somewhat  lower  reading,  in 

correspondence  with  the  amount  of 
evaporation,  and  consequent  lower- 
ing  of   temperature   which  takes 
place.    If  the  air  be  saturated  no 
evaporation  can  occur,  and  the  read- 
ing of  the  two  bulbs  is  the  same, 
though  it  may  be  noted  that,  under 
the  circumstances  named,  the  wet 
bulb  reading  may  very  slightly  ex- 
ceed that  of  the  dry  bulb,  inasmuch 
as  the  former  is  to  some  extent 
protected   from   radiation   by  its 
covering  of  muslin.    The  difference 
in    the    two    readings  ordinarilj'' 
ranges  from  1°  or  2°  in  winter,  to 
6°  or  8°  in  summer.    In  using  the 
instrument  there  should  be  no  in- 
terference with  access  of   air  to 
the  wet  bulb,  the  vessel  containing 
water  should  be  small  and  placed 
at  a  little  distance  from  the  bulb, 
the  muslin  must  be  kept  moist, 
and  drops  must  not  be  allowed  to  fall  from  the  bottom  of  the  bulb. 
When  frost  prevails  the  wick  no  longer  acts,  and  the  bulb  is  then 
brushed  over  with  water,  which  must  be  allowed  time  to  freeze 
before  the  reading  of  the  ice-covered  bulb  is  taken. 

Having  noted  the  readings  of  the  two  thermometers  the  dew  point 
is  ascertained,  either  by  the  use  of  Glaisher's  tables  or  by  the  follow- 
ing formula,  known  as  Professor  Apjohn's  formula  : — 


Fig.  5. 
Wet  and  Dry  Biilb 
Hygrometer. 


F  =  f- 


t-l 
87 


I  where  t  and     are  the  dry  and 


,  J    1      I  wet  bulb  readmgs,  P  is  the 

for  which  must  be  substituted  when  I  .  ° 

iui  vwui.li  uiuDu      T.  ) vapour  tension  corresponding 

the  wet  bulb  is  frozen — 


t-t' 
96 


to  and  F  is  the  v  apour  ten- 
sion at  the  dew  point. 


For  the  application  of  Apjohn's  formula  a  table  of  vapour  tensions 
must  in  any  case  be  used,  and  in  practice,  having  ascertained  the  dry 
and  wet  bulb  temperatures,  botli  the  dew  point,  and,  for  all  ordinary 
readings,  the  relative  humidity,  can  be  obtained  without  calculation, 
by  the  use  of  Glaisher's  tables.  In  these  tables  a  series  of  factors, 
Glaisher's  factors,  is  given  for  each  reading  of  the  dry  bulb  tliermo- 
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meter.  The  dew  point  is  determined  by  subtracting  from  the  dry 
bulb  temperature,  the  product  of  the  corresponding  factor,  and  the 
difference  of  the  dry  and  wet  bulb  temperatures ;  i.e.,  the  dew  point  is 
t^B  (t~t'),  Avhere  B  is  the  factor  and  t  and  are  the  dry  and  wet 
bulb  temperatures. 

The  dew  point  being  determined,  the  weight  of  a  cubic  foot  of 
vapour  at  the  dew  point  can  be  read  off  in  the  tables.  The  relative 
humidity,  i.e., 

Weight  of  a  cubic  foot  of  vapour  at  the  dew  point  ^ 
Weight  of  a  cubic  foot  of  vapour  at  the  dry  bulb  temperature 
can  be  then  calculated  with  the  aid  of  a  table  giving  tlie 
weights  of  a  cubic  foot  of  vapour  at  each  temperature.  In 
practice,  as  has  been  said,  it  is  usually  taken  directly  from  the  set 
of  tables,  which  supplies  the  relative  humidities  for  all  ordinary 
readings  likely  to  be  recorded. 

The  following  example  may  be  given  of  the  simple  calculation 
necessary  supposing  the  dry  and  wet  bulb  temperatures  known, 
while  a  table  giving  Glaisher's  factors  and  a  table  of  vapour  tensions 
are  alone  available. 

Example. — The  dry  and  wet  bulb  readings  are  60°  F.  and  55°  F., 
what  is  the  relative  humidity  1 

The  dew  point  =  60  -  5  Z) 

=  60  —  5  X  1-88  (from  the  table  of  factors) 
=  50-6°  F. 

The  weight  of  a  given  volume  of  vapour  varies  as  its  pressure, 
elastic  force  or  tension.  Hence  the  relative  humidity,  which  is 
equal  to — 

Weight  of  a  cubic  foot  of  vapour  at  the  dew  point  x  100 

Weight  of  a  cubic  foot  of  vapour  at  the  dry  bulb  temperature 

is  in  this  case  =  Tensionat50|^  ^  ^^.^^  ,1,, 

Tension  at  bU      .  ; 
•369 

of  tensions,  =  -.g^g- x  100  =  70-1  per  cent. 

It  may  be  required,  given  the  necessary  data,  to  determine  the 
weight  of  a  certain  volume  of  moist  air. 

Example. — Find  the  weight  of  a  cubic  foot  of  moist  air,  con- 
taining 70  per  cent,  of  moisture,  at  60°  F.,  under  29-92  inches 
barometric  pressure. 

The  mass  may  be  regarded  as  made  up  of  two  parts.  A  cubic 
foot  of  dry  air  at  60"  F.  under  the  existing  pressure,  less  the 
tension  of  the  vapour  present ;  and  a  cubic  foot  of  vapour  at  60°  F., 
and  under  a  pressure  equal  to  the  vapour  pressure  at  the  dew  point. 
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The  pressure  at  the  dew  point  will  be  jQths  of   the  maximum 

tension  of  vapour  at  60''  F.  This  latter  pressure  = -518  in.  of 
mercury. 

.*.  The  vapour  tension  of  the  moist  air  =  -362  inch. 

Now  a  cubic  foot  of  dry  air,  at  60°  F.  and  29'92  inches  pressure, 
weighs  536-3  grains,  therefore  at  pressure  29-92  — -362,  i.e.,  29-558 

.    ,  29-558 

inches,  it  will  weigh  c,q.qc)  x  536-3  grains,  or  529-81  grains. 

The  weight  of  a  cubic  foot  of  vapour  at  60°  F.  is  5-77  grains  if 
the  vapour  is  at  maximum  pressure,  and  therefore  the  humidity  in 
the  present  case  being  70  per  cent.,  the  weight  of  the  cubic  foot 
of  vapour  =  4-039  grains. 

Hence  the  weight  of  the  cubic  foot  of  moist  air  =  533-849. 

It  will  be  noted  that  this  weight  is  less  than  that  of  a  cubic  foot 
of  dry  air  at  60°  F.  and  29-92  inches  pressure,  and,  generally,  when 
water  evaporates  into  dry  air  the  resulting  mixture  has  less  weight, 
volume  for  volume,  than  the  original  dry  air. 

Diffusion  of  Gases. — If  communication  is  made  between  two 
receivers  containing  different  gases  they  diffuse  one  into  the  other. 
The  rate  of  diffusion  depends  upon  the  densities,  and  if  it  be  tested 
by  allowing  different  gases  to  diffuse  through  a  porous  septum, 
it  will  be  found  to  vary  inversely  as  the  square  roots  of  the 
densities  of  the  gases.  This  is  called  the  law  of  Graham.  Thus,  if 
oxygen  and  hydrogen  diffuse,  one  into  the  other,  the  densities  being 
as  16  to  1,  the  rates  of  diffusion  "svill  be  as  1  to  4,  four  parts  of 
hydrogen  diffusing  into  the  oxygen,  for  each  part  of  oxj^gen 
that  diffuses  into  the  hydrogen.  The  process  of  interchange  con- 
tinues as  long  as  the  mixtures  remain  dissimilar.  Thus,  if  an  upper 
glass  globe  containing  hydrogen  be  placed  in  communication  -v^-ith 
a  lower  glass  globe  containing  carbonic  acid,  which  is  twenty-two 
times  as  dense,  the  two  gases  Avill  ultimately  become  uniformly 
mixed,  the  lighter  hydrogen  diffusing  downwards  and  the  heavier 
carbonic  acid  diffusing  upwards.  It  is  this  process  of  diffusion 
which  causes  the  atmosphere  to  remain  of  uniform  composition,  by 
leading  to  the  distribution,  throughout  the  general  body  of  air,  of 
any  special  constituent  gas,  which  may  be  produced  in  excess  at  a 
given  point. 

Another  important  cause  of  interchange  is  the  fact  that  movement 
is  set  up  when  constituent  portions  of  the  atmosphere,  of  like  com- 
position but  of  differing  densities,  come  into  communication  '^^'ith  one 
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another.    Differences  of  temperature,  by  producing  alterations  of 
density,  are  largely  operative  in  determining  interchange  of  air. 

If  liquid  escapes  from  an  opening  in  the  side  of  a  vessel,  the  velocity 
becomes  greater  when  the  head  of  liquid,  i.e.,  the  depth  of  the  open- 
in-  below  the  surface,  is  increased.  Torricelli's  theorem  is  to  the 
effect  that  the  velocity  of  efflux  is  equal  to  the  velocity  which  would 
be  attained  by  a  body  falling  from  the  upper  surface  of  the  liquid 
to  the  opening,  or,  if  h  be  the  height  of  the  surface  above  the  onfice, 

V  =  V^A 

If  air  flows  into  a  vacuum  its  velocity  will  be  V  Igh,  where  h 
represents  the  height  of  the  imaginary  column  of  air,  of  the  density 
of  the  effluent  air,  which  would  be  required  to  produce  the  atmo- 
spheric pressure.  This  column  would  have  to  counterbalance  760  m.m. 
of  mercury,  and  it  may  be  therefore  calculated  to  be  about  5  miles, 
or  26,400  feet  high.  Hence  V  will  be  found  to  be  about  1,300  feet 
per  second.  If  the  air  diffuse,  not  into  a  vacuum,  but  into  other  air 
at  pressure  corresponding  to  a  height  h\  the  formula  becomes : 

F-  =  2  ^  (A  -  W). 

This  rule,  the  rule  of  Montgolfier,  as  it  is  sometimes  called,  may 
be  applied  to  the  movement  of  a  column  of  air  in  a  chimney. 
Within  the  chimney  is  a  column  of  heated  air,  while  outside  there  is 
a  column  of  colder  air  of  equal  height ;  the  pressure  at  the  top  of 
these  columns,  being  the  barometric  pressure   and  alike  in  both 

cases,  may  be  neglected.     Air  expands  _-rd  of  its  volume  for  each 

degree  Centigrade,  and  this  proportion  corresponds  to  or  approxi- 
mately -002,  for  each  degree  Fahrenheit.  If  then  A  be  taken  as  the 
height  of  the  chimney,  K-  is  determined  by  finding  what  would  be 
the  height  of  the  column  of  heated  air,  if  it  were  reduced  to  the 
same  density  as  the  outside  air ;  li  -  li"  will  then  give  the  difference 
of  heights  upon  which  the  movement  depends. 

If  t  and  <'  be  the  temperatures  of  the  inner  and  outer  columns, 
\  {t  —  t^)  X  -002  represents  approximately  the  volume  to  which 
one  volume  at     will  have  expanded  at  t. 


1  4-  -002  (<  -  «') 
and  y  2yl,  [l  -  rTWIT:^] 
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Thus,  if  the  chimney  be  30  feet  high  and  the  difference  of  tem- 
perature 20°  F. 

V  =  X  30  ^O^iii^ 

^  1  4-  -002  X  20 


|/2  X  32~x  30  =  |/' 


2  x  32  X  30 
26 


In  practice  the  results  obtained  in  the  manner  just  indicated  are 
much  too  high ;  allowance  has  to  be  made  for  friction  (which  varies 
directly  as  the  length  of  the  chimney  and  the  square  of  the  velocity, 
and  for  similar  sections  inversely  as  their  diameters)  and  for  angles, 
etc.,  to  say  nothing  of  soot  and  dirt. 

Heat  is  distributed  through  space  by  conduction,  by  convection, 
and  by  radiation.  Conduction  of  heat  is  mainly  manifested  in  solid 
substances,  of  which  some — certain  metals,  for  example — are  very 
good  conductors  of  heat,  while  others,  such  as  glass,  are  bad  con- 
ductors. Wool  and  furs,  and  silk,  are  bad  conductors,  and  hence 
their  use  for  purposes  of  clothing,  as  they  serve  to  prevent  the  heat 
of  the  body  being  dissipated.  In  the  same  way  woollen  materials 
may  be  used  to  keep  substances  cold,  as  for  example,  when  a  block  of 
ice  is  wrapped  in  flannel.  Moreover,  wool  and,  to  a  less  extent,  silk 
possess  the  capacity  of  absorbing  moisture.  If  a  woollen  garment  lie 
put  on  after  exercise,  the  vapour  from  the  surface  of  the  body 
becomes  condensed  in  the  wool,  imparting  to  it  the  heat  rendered 
latent  when  vaporisation  occurred.  The  garment  therefore  at  once 
feels  warm,  and  the  tenacity  with  which  it  holds  the  moisture  pre- 
vents re-evaporation  and  chilling.  Linen  and  cotton  are  better 
conductors  of  heat  than  wool,  and  do  not  possess  the  same  hygro- 
scopic property;  when  they  are  rendered  damp  by  perspiration, 
evaporation  proceeds  rapidly  and  chilling  of  the  body  results.  Cellu- 
lar cloth  is  made  from  cotton  fibres,  so  woven  >as  to  leave  interspaces, 
the  air  contained  in  which  is  non-conducting ;  hence  the  wanntli  of 
the  material  depends  on  its  porosity.* 


*  Microscopically  wool  fibres  arc  round  on  section,  nearly  transparent  and 
unbraiiched,  and  they  present,  on  the  surface,  imbricated  scales  similar  to 
those  of  a  hair.  Silk  fibres  are  structureless,  save  for  occasional  nodes,  glass- 
like, and  without  surface  markings;  both  wool  and  silk  turn  yellow  on 
addition  of  nitric  or  picric  acid,  and  are  dissolved  by  strong  boiling  caustic 
alkali,  these  reactions  distinguishing  them  from  cotton  and  linen  fibres.  Silk 
is  dissolved  by  hot  concentrated  solution  of  chloride  of  zinc,  which  docs  not 
affect  wool.  Cotton  fibres  are  flat,  ribbon-like,  and  twisted  at  intervals;  linen 
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Liquids  and  gases  as  a  rule  are  very  bad  conductors,  but  heat 
may  be  freely  distributed  in  them  by  convection  currents,  whicli 
convey  the  heated  particles  from  one  part  of  the  liquid  or  gas  to 
another.    The  transmission  of  heat  by  radiation,  and,  of  course, 
mainly  by  solar  radiation,  is  the  great  cause  of  the  maintenance  of 
temperature  at  the  earth's  surface  ;  some  of  the  heat  so  transmitted 
is  again  radiated  by  the  earth  into  space.    The  atmosphere  (and  in 
pa-rticular  the  aqueous  vapour  of  the  air)  plays  an  important  part 
in  checking  excessive  loss  of  heat  from  the  earth  by  radiation,  it  also 
absorbs  and  intercepts  heat  radiated  from  the  sun.    The  heat  radiated 
by  bodies  is  absorbed,  transmitted  or  reflected  by  other  bodies  just  as 
light  is ;  indeed,  light  rays  constitute,  as  it  were,  a  particular  case  of 
radiation,  corresponding  as  they  do  to  the  special  form  of  radiated 
energy  which  the  eye  is  adapted  to  perceive ;  the  rays  which  are  in- 
visible are  sometimes  called  dark  rays.    Dry  air  absorbs  very  little 
of  the  heat  radiated  through  it;  moist  air  absorbs  a  good  deal, 
thus  becoming  itself  heated.    The  heating  efi'ects  observed,  during 
exposure  to  the  sun's  rays,  in  the  dry  air  of  places  at  high  altitudes 
in  Switzerland,  illustrate  on  the  one  hand  small  extent  of  interfer- 
ence with  solar  radiation ;  while,  on  the  other  hand,  the  contrast 
afi"orded  between  the  temperature  on  a  clouded  and  on  a  clear  night 
in  Avinter,  shows  how  large  a  part  the  aqueous  vapour  of  the  atmo- 
sphere may  play  in  preventing  loss  of  the  earth's  heat  by  natural 
radiation.     Diflerent  substances  require  varying  amounts  of  heat 
in  order  to  produce  in  them  increase  of  temperature  to  a  like 
extent.    Water  absorbs  more  heat,  for  the  same  increase  of  tem- 
perature, than  most  other  substances  do.    If  the  quantity  of  heat 
required  to  raise  a  kilogramme  of  ice-cold  water  one  degree  Centi- 
grade be  taken  as  the  unit,  the  amount  required  to  raise  an  equal 
weight  of  any  other  substance  one  degree  Centigrade  is  termed  the 
npjijic  heat  of  that  substance.    As  a  rule  the  specific  heat  of  solids 
is  greater  at  a  high  than  at  a  low  temperature,  lience  the  reference 
to  ice-cold  water,  i.e.,  to  water  at  a  particular  temperature,  as  a 
standard. 

Latent  heat  is  the  heat  absorbed  or  rendered  latent  Avhen  bodies 
pass  from  the  solid  to  the  liquid,  or  from  the  liquid  to  the  gaseous 
condition.   If  the  quantity  of  heat  required  to  raise  one  kilogramme 

Hbrcs  present  many  nodes,  and  have  a  ragged  fibrillatcd  appearance.  Addition 
of  sulphuric  acid  gelatinises  cotton  ami  linen  after  some  minutes'  exposure ; 
the  reagent  slosvly  dissolves  silk,  and  does  not  affect  wool.  A  solution  of 
cupratc°of  ammonia  dissolves  silk  and  cotton,  and  slowly  dissolves  linen ; 
but  only  causes  wool  to  swell  to  some  extent.  Cotton  is  a  ready  absorbent  of 
odours;  wool  possesses  the  advantage  of  not  retaining  them. 
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of  water  from  0°  C.  to  1°  C.  be  taken  as  the  unit,  the  amount  of 
heat  required  to  convert  a  kilogramme  of  ice  at  0'^  C.  into  a  kilo- 
gramme of  water  at  0°  C.  proves  to  be  79,  this  is  the  latent  heat  of 
water.  The  latent  heat  of  steam  at  100°  C.  is  found  to  be  537  units, 
in  other  words,  to  convert  a  kilogramme  of  water  at  100'"  C.  into 
steam  at  100°  C.  requires  537  units  of  heat. 

In  connection  with  the  subject  of  warming  by  convection,  certain 
points  should  be  noted.  In  the  process  of  cooling,  the  surface  par- 
ticles of  water,  as  their  temperature  is  lowered,  become  more  dense 
and  descend,  being  replaced  by  particles  from  beneath.  By  con- 
vection the  whole  body  of  water  is  thus  gradually  cooled,  but  a 
remarkable  fact  needs  to  be  borne  in  mind.  The  maximum  density 
of  water  is  attained  at  4°  C,  and  when  that  point  is  reached  the 
water-particles  cease  to  become  more  dense,  as  their  temperature  is 
further  lowered  down  to  0°  C.  Thus,  as  cooling  proceeds,  ice  is 
formed  at  the  top  of  the  water. 

Convection  currents  in  air  must  also  be  particularly  referred 
to.  Differences  of  temperature  of  masses  of  air,  by  producing 
differences  of  pressure,  disturb  the  equilibrium  of  the  atmosphere,  and 
the  result  is  wind.  The  force  of  wind  is  estimated  by  instruments 
called  anemometers  ;  there  are  two  varieties  of  these,  "  pressure  "  and 
"  velocity  "  anemometers.  The  simplest  form  of  pressure  anemometer 
consists  of  a  sheet  of  metal  suspended  by  its  superior  border,  and  a 
rough  indication  of  the  pressure  of  the  wind  is  afforded  by  obser%  - 
ing  the  angle  through  which  the  sheet  is  displaced  by  that  pressure. 
In  Lind's  anemometer  the  force  of  the  wind  is  measured  by  observ- 
ing the  height  to  which  a  column  of  water  is  raised  in  one  arm  of  a 
U-shaped  tube,  when  the  water  in  the  other  arm  is  in  communi- 
cation with  an  opening  turned  to  tlie  wind.  The  pressure  anemo- 
meters of  Osier  and  Cator  are  somewliat  more  complicated  instru- 
ments, in  which  resistance  is  furnished,  in  the  one  case  by  springs, 
in  the  other  by  a  series  of  levers,  and  the  pressure  recorded  is 
marked  by  a  travelling  pencil  upon  a  sheet  of  paper. 

The  form  of  anemometer  usually  employed  is  Robinson's  velocity 
anemometer.  In  the  case  of  this  instrument  the  velocity  of  the 
wind  is  determined  by  noting  the  rate  at  which  four  hemi- 
spherical cups  rotate  around  a  vertical  axis,  about  wliicli 
they  can  revolve  in  a  horizontal  plane.  Tlie  wind  exerts  greater 
force  upon  the  hollow  surfaces  of  the  cups  than  upon  their  rounded 
surfaces,  rotation  therefore  occurs,  and  tlie  stronger  the  wind  the 
faster  tlie  rotation.  It  was  supposed  oi'iginally  by  Dr.  Robinson 
that  the  rate  of  rotation  was  constant  for  varying  dimensions  of 
the  parts  of  the  instrument,  and  that  tlie  cups  moved  with  about 
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one-third  of  the  velocity  of  the  wind.  It  is  now  known  that  this 
is  not  strictly  correct ;  roughly  speaking,  however,  the  velocity  of 
the  wind  may  be  taken 
as  about  2|  times  the 
velocity  of  the  cups, 
when  the  instrument  as 
ordinarily  constructed, 
with  cups  9  inches  in 
diameter,  on  arms  24 
inches  in  length,  is 
employed.  Allowance 
should  be  made  for  fric- 
tion in  the  case  of  low 
velocities,  and  a  good 
deal  depends  upon  the 
position,  in  relation  to 

neighbouring  buildings, 

in  which  the  instrument 

is  placed.    The  degrees 

of  intensity  of  wind  are 

often  expressed  by  re- 
ference to  what  is  known 

as  Beaufort's  scale,  i.e., 

to  certain  standards  laid 

down  by  Sir  ¥,  Beaufort 

early  in   the  century, 

and  based  mainly  upon 

the   relation   of  wind 

pressure  to  the  amount  of  sail  carried  by  the  sailing  man-of- 
war  of  that  time.  There  are  13  degrees  of  force  on  this  scale 
beginning  with  0,  which  corresponds  to  "  calm,"  i.e.,  to  a  velocity 
not  exceeding  three  miles  per  hour:  upon  this  follow  the  degrees 
termed  1  to  6,  and  referred  to  as  light  air, ,  and  light,  gentle, 
moderate,  fresh  and  strong  breeze:  then  the  degrees  7  to  10, 
moderate,  fresh,  strong  and  whole  gale,  and  11  "  storm  "  (seventy-five 
miles  per  hour)  supervene,  and  finally  the  degree  12  corresponds 
to  "hurricane"  (ninety  miles  per  hour). 

Weather  Forecasts. — Of  late  years  much  attention  has  been 
directed  to  this  subject.  As  long  as  observation  was  limited  to  the 
fluctuations  of  the  barometer  at  a  particular  place  but  little  progress 
was  made.  Certain  connections  between  i-ise  and  fall  of  the 
Iwrometer,  and  the  occurrence  of  rain  and  wind  Avere  noted,  and 


FIG.  6. 
Bobinson's  Anemometer. 
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rules  were  formulated  as  to  the  significance  of  sudden  and  sustained 
alterations  of  barometric  pressure  under  varying  conditions.  Witli 
the  introduction  of  communication  by  telegraph,  however,  a  gi-eat 
change  was  brought  about,  and  what  is  called  the  "synoptic 
method  "  has  now  assumed  special  importance  in  connection  witli 
weather  prognostications. 

If  the  barometric  pressures  at  one  and  the  same  moment  of  thnr 
be  ascertained  at  various  stations  over  a  considerable  area,  it  is 
possible  to  construct  isobars,  i.e.,  lines  connecting  all  the  points  at 
which  the  same  pressure  prevails ;  these  isobars  present  certain 
characteristic  shapes,  and  from  their  configuration  a  good  deal  can 
be  learnt. 

There  are  tAvo  primary  and  five  secondary  types  of  grouping  of 
isobars  which  have  been  specially  described,  and  which  are  illus- 
trated in  Fig.  7.     Just  below  its   centre  there  will  be  found 


Fig.  7. 


Diagrammatio  representation  of  pressure  distribution,  over  the  Nortli 
Atlantio  and  parts  of  Europe  and  the  United  States,  on 
February  27, 1865. 

an  area  in  which  the  isobars  form  closed  curves,  and  in  Avhich  the 
pressure,  measured  in  tenths  of  an  inch,  increases  on  proceeding  from 
without  inwards ;  such  an  arrangement  of  isobars  constitutes  an 
a7itici/clone. 

On  either  side  of  the  central  anticyclone  of  the  figure  are  seen  the 
edges  of  two  other  anticj'^clones  ;  the  areas  of  comparatively  low 
pressure  intei-vening  between  the  anticyclones  are  termed,  from  tlie 
analogy  of  a  pass  between  two  mountains,  cols.  If  the  isobars, 
instead  of  enclosing  an  area  of  high,  enclose  one  of  low  pi-essure, 
the  arrangement  constitutes  a  cyclone  (see  the  upper  part  of  Fig.  7, 
on  the  right  Iiand  side).    The  cyclone  and  anticyclone  are  the 
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two  primary  types  already  referred  to :  the  secondary  types  include 
the  col :  the  secondary  cyclone,  in  which  an  area  of  low  pressure  is 
enclosed,  as  it  were,  in  a  loop  without  being  completely  detached  ;  the 
wedge,  in  which  a  high  pressure  area  projects  wedge-like  between  two 
neighbouring  cyclones;  the  V -shaped  dep-ession,  in  which  a  low 
pressure  area  is  pushed  in,  so  to  speak,  between  high  pressure  areas ; 
and,  finally,  straight  isobars,  in  which  the  lines  of  equal  barometric 
pressure  form  practically  parallel  straight  lipes. 

Two  further  points  require  to  be  specially  noted  concerning  the 
arrangement  of  the  isobars.  In  the  first  place,  the  force  of  the  wind 
varies  -with  their  closeness.  If  the  barometric  gradient  be  steep,  i.e., 
if  the  isobars,  for  example,  corresponding  to  differences  of  pressure  of 

2-th  inch,  are  comparatively  close  to  one  another,  the  wind  will  be 
10 

proportionately  strong,  and  vice  versd.  Again,  from  the  arrange- 
ment of  the  isobars  the  direction  of  the  wind  can  be  deduced  by  "  Buys 
Ballot's  law,"  wliich  is  to  the  effect  that,  on  standing  "  back  to  the 
wind,"  the  lowest  pressure  lies  to  the  left  and  in  front.  A  little 
consideration  ^vill  make  it  clear  therefore  that,  in  a  cyclone,  the 
wind  blows  spirally  inwards,  towards  the  area  of  low  pressure  ;  and 
if  wind  arroAvs  be  marked  all  round  such  an  area,  their  direction  will 
change,  on  proceeding  round  the  circle,  in  a  manner  opposed  to  that 
of  the  movement  of  the  hands  of  a  clock.  In  an  anticyclone,  on 
the  other  hand,  the  wind  blows  spirally  outwards,  the  arrows  chang- 
ing in  a  manner  corresponding  to  the  movement  of  the  hands  of  a 
clock. 

Cyclones,  as  observed  in  this  country,  commonly  travel  from  west 
to  east  with  an  average  velocity  of  about  twenty  miles  an  hour.  As 
the  front  of  the  cyclone  approaches,  the  ordinary  signs  of  rain 
usually  appear,  halo,  watery  sun,  capped  hills,  etc. ;  the  rain  then  falls 
in  gradually  increasing  amount,  until  the  "  trough  "  or  line  of  lowest 
pressure  passes,  when  squalls  of  wind  and  what  are  called  "  clearing 
showers "  are  observed  ;  then  patches  of  blue  sky  follow,  and  the 
weather  clears.    The  heaviest  rain  is  experienced,  as  a  rule,  when 
the  point  of  lowest  pressure  is  situated  a  little  to  the  north  and  west, 
in  other  words,  the  rain  area  is  more  marked  somewhat  in  front  and 
io  the  south  of  the  centre  of  the  cyclonic  system.  Again,  differences 
are  oVjserved  according  to  Avhether  the  area  of  lowest  pressure  passes 
directly  over,  or  a  little  to  the  north  or  south  of  the  place  of  obser- 
vation.     Broadly  speaking,  however,  the   front  of   the  cyclone 
corresponds  with  dirty,  gloomy  sky,  the  clouds  being  of  strato- 
cun\ulus  type,  and  with  warmth  and  a  feeling  of  oppression  in  the  air ; 
wliile  the  rear  of  the  cyclone  corresponds  with  a  sky  of  cumulus 
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type,  with  cold,  and  a  brisk  feeling  in  the  air.  Anticyclones,  unlike 
cyclones,  tend  to  remain  stationary  for  long  periods ;  in  suiniijer 
anticy clonic  weather  is  bright  and  warm,  with  cool,  clear  nights ;  in 
•winter,  under  anticy  clonic  conditions,  it  is  ver}'-  cold,  and  fog  often 
prevails. 

The  wedge,  in  these  latitudes,  usually  points  northwards;  it  is 
associated  with  a  temporary  period  of  fine  weather,  and  is  usually 
followed  by  cyclonic  disturbance.  On  development  of  the  col, 
gloomy  weather  prevails,  and  thunderstorms  may  occur.  Straight 
isobars  are  commonly  associated  with  hard  sky  and  blustering  -svind. 
Secondary  cyclones  and  V-shaped  depressions  correspond  to  weather 
of  more  or  less  disturbed  character.  As  cyclones  generally  ap- 
proach this  country  from  the  Atlantic,  it  is  possible  to  forecast 
their  occurrence  with  a  considerable  amount  of  success,  from  tlie 
phenomena  observed  at  stations  in  the  west  of  Ireland.  Again, 
the  area  of  lowest  pressure  tends  to  pass,  as  a  rule,  to  the  north  of 
England,  and  this  fact  explains  how  it  comes  about  that  in  this 
country  the  wind  "veers,"  or  changes  Avith  the  sun,  more  often 
than  it  "  backs,"  or  changes  in  the  contrary  direction. 

The  general  distribution  of  atmospheric  pressure  over  the  northern 
hemisphere  is  as  follows  :--In  the  tropics  there  is  a  high  pressure 
belt  which  rises  here  and  there  into  anticyclonic  elevations.  One  of 
these  elevations,  the  Atlantic  anticyclone,  is  as  a  rule  found  over 
the  central  Atlantic.  To  the  north  and  south  of  the  tropical  higli 
pressure  belt  are  regions  of  comparatively  low  pressure;  an  equa- 
torial area  lies  to  the  south,  while  on  the  north  low  pressure 
generally  prevails,  but  high  pressure  areas  may  be  developed  from 
time  to  time.  "Trade  winds"  are  the  north-east  and  east  A\-inds 
on  the  southern  side  of  the  Atlantic  anticyclone.  There  are  corre- 
sponding south-east  trade  winds  on  the  north  side  of  a  great 
anticyclone  in  the  South  Atlantic ;  between  these  regions  of  wind 
is  the  calm  equatorial  zone  known  to  sailors  as  "the  doldrums.'^ 

Four  general  types  of  weather  have  been  described  as  occurring  m 
Western  Europe :  in  these  the  prevailing  winds  are  from  the  soutli, 
west,  north,  and  east  respectively.  In  the  first,  the  southerly  type, 
an  anticyclone  lies  to  the  south  or  south-east  of  Great  Britain,  and  tliere 
is  a  low  pressure  area  over  the  North  Atlantic:  from  this  area 
cyclones  originate,  and  travel  eastwards  towards  the  high  pressure 
area ;  on  nearing  it  they  die  out  and  disappear,  or  they  pass  round  it 
in  a  north-easterly  direction.  This  southerly  type  is  most  common 
in  winter  time,  but  occurs  at  all  periods  of  the  year.  In  the  westerly 
type,  a  high  pressure  area  exists  south  of  Great  Britain ;  cyclones 
originate  in  the  Atlantic,  and  travel  mainly  east  and  south-east. 
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When  their  areas  of  lowest  pressure  pass  so  far  south  as  to  travel 
over  this  country,  the  severe  storms  which  usually  occur  in  spring 
and  autumn  are  experienced.  In  the  northerly  type,  there  is  high 
pressure  over  the  Atlantic  to  the  Avest  and  north-west  of  Great 
Britain;  cyclones  originate  on  the  north  or  east  side  of  this  anti- 
cyclone, and  travel  east  or  south-east.  This  type  is  rare  in  the 
autumn  months.  In  the  easterly  type  there  is  high  pressure  over 
Scandinavia,  and  cyclones  originate  in  the  North  Atlantic  and  pass 
south-east,  between  the  Scandinavian  high  pressure  area  and  the 
Atlantic  anticyclone,  across  the  col  which  connects  these  two  high 
pressure  areas.  These  cyclones  may  be  arrested  as  they  approach 
the  high  pressure  region,  and  thus  fail  to  pass  over  Europe.  Some- 
times cyclones  originate  over  Southern  Europe,  to  the  south  of  the 
Scandinavian  anticyclone,  and  travel  eastwards  or  even  westwards. 

Climates  have  been  classified  in  five  groups :  warm,  temperate, 
cold,  marine,  and  mountain  climates.    In  this  country  the  climate  is 
typically  marine,  being  greatly  influenced  by  the  encompassing  sea, 
and  by  the  Gulf  Stream.    This  last-named  stream  causes  the  lines  of 
equal  temperature,  the  "  isotherms  "  of  the  North  Atlantic  to  run 
from  south-west  to  north-east,  and  thus  the  winter  of  these  islands 
is  far  less  severe  than  that  of  Labrador,  which  is  in  about  the  same 
latitude.     The  influence  of  the  Gulf  Stream  is  especially  marked 
upon  the  winter  climate  of  this  country,  when  the  power  of  the 
sun  is  least  felt.     In  August  the  isothei-ms  (the  dotted  lines  of 
Eig.  8)  only  deviate  slightly  from  an  east-and-west  direction  ;  but 
in  January  the  isotherms  (the  black  lines  of  the  figure),  immediately 
over  Great  Britain,  are  markedly  deflected  and  run  from  north-west 
to  south-east,  and  this  fact  accounts  for  the  mildness  of  the  winter  in 
Cornwall,  or  even  Dublin,  as  compared  with  that  of  London  and 
Edinburgh.    The  marine  influence  exerted  upon  the  English  climate 
accounts  for  the  absence  of  extremes  of  heat  and  cold,  the  pre- 
valence of  moist  atmospheres,  and  the  comparative  lack  of  sunshine. 
The  chief  diseases  associated  with  this  form  of  climate  are  lung 
.aff"ections  and  those  forms  of  "  rheumatism  "  which  are  influenced  by 
Immidity  and  weather  changes. 

In  warm  climates  there  are  usually  well-defined  dry  and  wet 
seasons,  and  the  rainfall  during  the  latter  may  be  very  considerable 
in  amount.  These  climates  have  been  divided  into  equatorial,  tropi- 
cal, and  sub-tropical  groups.  "  Heat-stroke,"  certain  forms  of  skin 
disease,  cholera,  yellow  fever,  dengue,  dysentery  and  abscess  of  tlie 
liver,  malaria,  beri  beri,  sprue  (psilosis,  tropical  diarrha'a),  filariasis  and 
other  forms  of  parasitic  disease  are  especially  associated  with  warm 
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climates.  The  question  as  to  the  precise  geographical  distribution 
of  some  of  these  diseases  will  be  referred  to  later.  As  regards  heat- 
stroke it  may,  however,  be  here  noted,  that  the  term  appears  to 
cover  not  merely  conditions,  of  heat-exhaustion  brought  about  by  higli 
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FlO.  8. 

Isothermal  lines  of  Great  Britain.  Dotted  lines  (.\ugust).  Continuous 
blauk  lines  (January). 

temperatures,  and  of  injury  directly  due  to  exposure  to  the  sun's 
rays,  but  also  a  form  of  fever,  possibly  of  specific  character,  in  wliich 
lij'perpyrexia  is  a  prominent  symptom.  To  this  last  form  of 
malady  it  has  been  proposed  to  apply  the  name  sirtasis. 

Temperate  climates  are  usually  met  -svith  between  35°  and  50° 
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of  latitude,  while  between  50°  of  latitude  and  the  poles  cold 
climates  prevail.  Rheumatism,  respiratory  aflfections,  phthisis, 
scarlet  fever,  diphtheria,  and  measles  are  especially  destructive,  as 
a  rule,  in  temperate  climates.  In  connection  with  cold  climates 
scurvy,  scrofula,  and  snow-blindness  may  be  referred  to;  the  two 
former  are  due  to  defective  dietary,  the  latter  to  reflection  of  light 
from  the  snow.  In  high  latitudes,  the  long  winter  stamps  a  marked 
character  upon  the  climate.  In  mountain  climates  the  main  features 
are  the  lowered  barometric  pressure  and  the  rarefied  atmosphere, 
while  the  range  of  temperature  is  often  considerable.  In  the  Alps, 
and  the  high  lands  of  South  Africa,  the  air,  as  a  rule,  contains  but 
little  moisture ;  in  the  Himalayas  the  rainfall  is  excessive,  and  the 
air  damp.  Certain  mountain  climates  have  been  found  specially 
suited  for  consumptives. 

Acclimatisation.— This  question  may  be  studied,  as  Virchow 
pointed  out,  from  two  points  of  view,  those  of  the  race  and  of  the 
individual.  Adaptation  of  races  to  altered  climatic  conditions,  in 
the  gradual  process  of  migration,  has  been  over  and  over  again 
exemplified  in  past  ages,  and  in  comparatively  modern  times  the 
Gipsies  and  the  Jews  have  spread  over  wide  areas  of  the  world's 
surface.  In  cases  of  colonisation  in  which  there  has  been  abrupt 
exposure  to  altered  circumstances,  the  colonists  have  as  a  rule  only 
showed  ability  to  multiply  when  the  new  conditions  did  not  greatly 
difi"er  from  those  of  the  original  climate.  Thus  comparison  may  be 
made  between  the  colonisation  of  Australasia  and  North  America 
by  the  Anglo-Saxon  race  on  the  one  hand,  and  on  the  other  the 
inability  usually  manifested  by  that  race  to  increase  and  multiply 
within  the  tropics. 

The  acclimatisation  of  the  individual  may  be  merely  a  process  of 
adaptation  of  the  body  and  its  organs  to  altered  physical  conditions, 
together  with  acquirement  of  knowledge  as  to  the  regimen  which 
is  suited  to  the  particular  climate.  Obviously  the  subjects  of  gout, 
kidney-disease,  etc.,  are  less  likely  to  bear  the  strain  of  altered 
physical  conditions  than  healthy  persons  are.  Again,  the  less  the 
amount  of  change  experienced  the  better,  and  hence  the  inhabitants 
of  southern  Europe  more  readily  withstand  sub-tropical  or  tropical 
climates  than  the  inliabitants  of  northern  Europe. 

The  behaviour  of  yellow  fever  {q.v.)  in  relation  to  new  arrivals, 
and  the  observations  of  Kocli  with  regard  to  the  presence  of  the 
malai-ia  parasite  in  the  blood  of  native  children,  seem  to  show  that 
acclimatisation  may  mean  something  more  than  is  indicated  in  the 
preceding  paragraph.      Again,  negroes  in  temperate  climates  are 
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said  to  be  specially  prone  to  develop  phthisis.  The  subject,  how- 
ever, is  by  no  means  fully  worked  out  as  yet,  and  from  the  number 
of  disturbing  influences  which  have  to  be  reckoned  with,  is  one 
of  peculiar  difficulty.  Thus  there  can  be  no  doubt  that,  as  Parkes 
pointed  out,  the  high  mortality  of  Europeans  in  parts  of  tlie  tropics 
is  by  no  means  attributable  to  climate  alone — questions  of  impurity 
of  water,  improper  food,  bad  drainage,  and  various  kinds  of  excess, 
all  need  to  be  considered.  As  this  has  been  increasingly  recognised, 
there  has  been  manifested  a  striking  reduction  in  the  mortality  of 
white  men  in  the  tropics,  and  the  experience  gained  has  materially 
modified  earlier  notions  on  the  subject  of  acclimatisation. 

In  concluding  this  discussion  of  the  relation  of  the  physical  pro- 
perties of  gases  to  health  conditions,  reference  must  be  made  to  the 
power  of  absorbing  gases  which  certain  substances  possess.  Charcoal 
is  a  familiar  instance  of  this,  and  a  like  property  is  manifested  by 
spongy  platinum.  Many  liquids,  too,  absorb  gases.  Bunsen  found, 
supposing  the  gas,  liquid,  and  temperature  to  remain  the  same — 
(a)  that  the  weight  of  gas  absorbed  is  proportionate  to  the  pres- 
sure, in  other  words,  the  volume  absorbed  is  practically  the  same 
at  all  pressures ;  (b)  that  the  lower  the  temperature  the  greater 
is  the  weight  of  gas  absorbed;  and  (c)  that  the  quantity  of  gas 
absorbed  by  a  liquid  is  independent  of  the  nature  and  amount  of 
other  gases  which  it  may  hold  in  solution.  At  the  ordinary  tempera- 
ture, and  under  a  pressure  equal  to  atmospheric  pressure,  water 

dissolves  nearly  —  th  its  own  volume  of  oxygen,  but  only  1th  its 
20  4-0 

own  volume  of  nitrogen ;  it  dissolves  almost  exactly  its  own  volume 

of  carbonic  acid,  and  more  than  400  times  its  own  volume  of 

ammonia. 

(II.) — The  Composition  and  Examination  of  Air. 

Atmospheric  air  consists,  in  the  main,  of  a  mixture  of  oxygen  and 
of  what  may  be  provisionally  termed  nitrogen,  in  the  proportion  of 
about  20-96  volumes  of  the  former,  and  79  volumes  of  the  latter,  per 
100  volumes  of  air.  These  gases  are  not  chemically  combined  with 
one  another,  but  form  what  is  called  a  mechanical  mixture.  Thus 
the  relative  quantities  of  the  gases  are  not  those  of  their  combining 
weights,  or  of  simple  multiples  of  those  weights,  and  althougli  these 
relative  quantities  are  remarkably  constant,  for  samples  of  air 
obtained  under  difiering  conditions,  slight  variations  do  occur. 
Further,  if  appropriate  volumes  of  the  two  constituent  gases  are 
brought  together,  a  mixture  possessing  the  properties  of  air  results, 
and  yet  no  alteration  vnW  be  found  to  have  taken  place  in  tlie  tem- 
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perature  or  volume  of  the  mixture,  as  would  have  been  the  case  had 
chemical  combination  occurred.  Finally,  the  fact  that  the  mixture  is 
merely  mechanical  may  be  demonstrated  by  shaking  air  and  water 
together:  the  water  dissolves  some  of  the  air,  and  the  dissolved 
gases  can  be  afterwards  expelled  by  boiling  and  analysed.  It  is 
•found  that  the  water  contains  less  than  two  volumes  of  nitrogen  for 
each  volume  of  oxygen,  whereas  in  tlie  original  air  there  were  four 
volumes  of  nitrogen  to  each  volume  of  oxygen.  Oxygen  is  more 
soluble  in  water  than  nitrogen,  and  the  fact  that,  by  merely  shaking 
.air  and  water  together,  the  gases  are  abstracted  in  proportions 
differing  from  those  in  which  they  exist  in  air,  indicates  that  they 
cannot  be  chemically  combined  in  the  atmosphere. 

The  oxygen  of  the  air  is  its  active  constituent,  it  possesses  the 
property  of  entering  into  combination  with  most  of  the  other 
chemical  elements  under  certain  conditions,  and  upon  these  inter- 
actions the  support  of  life  on  the  globe,  and  the  various  processes 
of  oxidation  and  combustion  depend.  The  nitrogen,  on  the  other 
hand,  is  a  very  inert  gas,  and  its  most  obvious  function  in  atmo- 
spheric air  appears  to  be  to  dilute  the  oxygen  ;  it  probably,  however, 
also  plays  an  important  part  in  connection  with  the  life,  more  par- 
ticularly, of  certain  plants.  It  has  been  recently  show  that  about 
one  per  cent,  of  this  inert  constituent  of  air  consists  of  a  gas  called 
argon,  and  certain  other  gases  have,  since  the  discovery  of  argon, 
been  isolated.  Argon  was  differentiated  from  nitrogen  by  the  fact 
that  it  freezes  on  exposure  to  a  somewhat  less  extreme  degree  of 
cold.  Argon  is  even  more  inert  than  nitrogen,  and,  indeed,  it 
has  not  hitherto  been  found  capable  of  entering  into  chemical 
combination  -svith  any  other  element. 

In  stating  the  composition  of  100  volumes  of  ordinary  air,  -04 
volume  has  not  yet  been  accounted  for.  This  amount  is  approxi- 
mately that  contributed  to  the  atmosphere  by  carbonic  acid. 

Another  ordinary  constituent  of  the  atmosphere,  present  in  such 
considerable  amount  as  to  be  readily  capable  of  measurement,  is 
aqueous  vapour.  Its  quantity,  however,  unlike  that  of  the  gases 
.already  mentioned,  is  very  variable.  Thus  a  cubic  foot  of  air, 
when  saturated  at  32°  F.,  can  only  hold  a  little  more  than  2  grains 

of  water  vapour   (about  y^*^^  ^^"'"'^  ^^eight),  but  at 

■60°  F.  it  can  hold  nearly  6  grains,  at  100°  F.  19  grains,  and  at 
120°  F.  .34  gi-ai)is.  It  has  already  been  seen,  that  wlien  water 
vapour  is  added  to  dry  air  the  volume  of  the  latter  is  increased,  and 
that  a  cubic  foot  of  saturated  air  weighs  less  than  a  cubic  foot  of 
.dry  air  under  the  same  temperature  and  pressure. 
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In  addition  to  the  constituents  of  air  already  named,  which  exist 
in  appreciable  quantity,  there  are  others,  which  are  so  constantly 
found  (though  their  amount  is  excessively  small)  as  to  justify 
their  presence  being  practically  regarded  as  a  normal  condition : 
such  are,  ammonia  and  other  nitrogenous  products  of  decomposition, 
marsh  gas,  common  salt  and  other  mineral  substances,  and  organic 
matter,  dead  or  living.  Fresh  air,  moreover,  is  usually  found  to 
present  e\-idence  of  containing  what  is  called  ozone,  an  allotropic 
form  of  oxygen  in  which  three  volumes  are  condensed  into  two : 
e-\-idence  of  the  kind  referred  to  is  less  marked,  or  altogether  absent, 
in  thickly  populated  localities,  and  in  them  organic  matter  is  usually 
present  in  greater  quantity  than  in  fresh  air;  the  air  of  towns 
also  shows,  as  compared  with  fresh  air,  slight  increase  in  the 
amount  of  carbonic  acid,  vdth.  slight  diminution  in  the  amount 
of  oxygen^  furthermore,  the  presence  of  sulphur  compounds  can 
usually  be  detected  in  town  air. 

So  slight,  however,  are  the  variations  in  the  quantity  of  the 
constituents  of  air,  that  much  difficulty  is  experienced  in  gauging 
the  purity  of  any  particular  sample  by  ordinary  chemical  tests. 
The  nature  of  the  difficulty  will  be  appreciated  on  consideration  of 
the  insignificance,  from  the  point  of  view  of  weight,  of  impurity 
which  none  the  less  profoundly  affects  the  sense  of  smell,  or,  from 
■  the  same  point  of  view,  of  the  living  micro-organism,  which,  when  in- 
haled into  the  lungs,  may  produce  effects  of  the  gravest  consequence. 

Eudiometry  (euSto?,  good,  fierpov,  a  measure)  is  the  name 
given  to  the  method  usually  employed  for  the  estimation  of  the 
volume  of  a  given  gas  contained  in  the  air  or  in  a  mixture  of  gases, 
The  eudiometer  was  originally  designed  for  estimating  the  amount 
of  oxygen,  the  "  goodness  "  of  the  air.  A  common  form  of  eudio- 
meter is  that,  used  in  the  synthesis  of  water,  wliich  consists  of  a  glass 
tube,  closed  at  one  end,  and  having  sealed  into  it,  near  that  end,  two 
platinum  wires,  across  Avhich  an  electric  spark  can  be  passed  ;  the  tube 
has,  moreover,  a  graduated  scale  marked  upon  it.  Air,  and  hydrogen 
in  such  quantity  that  it  will  remain  in  excess  after  combination  witli 
the  oxygen  of  the  air,  can  be  introduced  into  the  tube,  wliich  is 
inverted  over  mercury;  the  spark  is  passed,  care  being  taken  to 
prevent  escape  of  gas,  and  the  change  of  volume  wliicli  has  occurred 
is  then  noted.  If,  for  example,  100  c.c.  of  air  and  50  c.c.  of  hydrogen 
were  originally  introduced,  and  the  volume  after  explosion  is  found 
to  be  eighty-seven  volumes,  sixty-three  volumes  have  disappeared, 
and  one-third  of  this,  or  twenty-one  volumes,  represents  the  volume 
of  oxygen  initially  present  in  the  100  volumes  of  air. 
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The  principle  adopted  is  thus  the  measurement  of  the  loss  of 
volume  wliich  results  from  the  chemical  combination.  Again  oxygen, 
if  that  is  the  gas  to  be  dealt  with,  may  be  absorbed,  as  in  the  pyro- 
gallic  acid  process,  or  it  may  be  made  to  enter  into  combination  with 
nitric  oxide  NO,  and  the  nitrogen  tetroxide  (NO,,)  formed  may  then 
be  absorbed  by  water,  and  the  loss  of  volume  determined.  In  mak- 
ing the  observations  careful  regard  must  be  paid  to  the  fact  that  the 


FIG.  9. 

Hempel's  Gas-Burette  and  Double  Absorption  Pipette. 

volumes  of  gas  measured  oil'  are  materially  affected  by  differences  of 
temperature  and  pressure.  The  pyrogallic  acid  method,  which  is 
often  employed,  is  subject  to  the  disadvantage  that  the  absorbing 
reagent  affects  carbonic  acid  and  certain  other  gases  if  they  are 
present  as  impurities  in  air  ;  the  process  which  will,  therefore,  be 
more  particularly  referred  to  as  applicable  to  atmospheric,  air  is  tlie 
nitric  oxide  method,  with  employment  of  what  is  known  as  Hempel's 
burette  and  absorption  pipette. 

In  this  apparatus  two  upriglit  glass  tubes,  supported  on  iron 
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stands,  by  which  tliey  can  be  handled,  and  connected  by  a  wide 
india-rubber  tube,  are  used.    One  of  the  glass  tubes  is  graduated 
in  cubic  centimetres,  and  serves  for  the  measurement  of  the  volume 
of  the  gas ;  at  its  upper  end  it  narrows,  and  is  connected  with  an 
india-rubber  tube,  a  pinch-cock  being  placed  on  the  rubber  just 
beyond  the  point  where  the  glass  tube  terminates.    The  other  glass 
tube  is  the  "  pressure  tube  " ;  into  it  water  is  first  introduced,  and 
the  level  attained  in  the  graduated  tube  can  then  be  conti'olled. 
by  raising  or  lowering  the  pressure  tube.    In  order  to  charge  the' 
graduated  tube  it  is  first  filled  with  water  by  raising  the  pressure 
tube,  and  the  sample  of  air  is  drawn  into  it  by  lowering  the 
pressure  tube  ;  the  pinch-cock  is  then  applied,  so  as  to  prevent 
escape  of  the  imprisoned  air.    The  water  used  should  be  distilled 
water,  previously  saturated  with  air  by  thorough  shaking.  The 
sample  of  air  taken  must  now  be  measured  off"  at  atmospheric- 
pressure  ;  this  can  be  effected  by  raising  or  lowering  the  pressure- 
tube  until  the  levels  of  the  water  in  it,  and  in  the  graduated  tube,, 
are  the  same.    The   india-rubber   connecting   tube   can   then  be 
attached  to  the  absorption  pipette,  which  has  been  charged  with 
water,  and,  the  pinch-cocks  being  opened,  the  pressure  tube  is- 
now  raised,  so  as  to  pass  the  sample  of  air  over,  displacing  some 
of  the  water,  into  the  absorption  pipette,  in  order  that  it  may  be^ 
submitted  to  the  action  of  nitric  oxide  there.    As  soon  as  the  air 
has  all  been  passed  over,  the  pinch-cocks  are  again  adjusted,  and 
the  burette  can  be  detached  from  the  pipette,  and  employed  to- 
measure  the  volume  of  nitric  oxide  to  be  added  to  the  air.  The 
absorption  pipette  consists,  as  ^vill  be  seen  by  reference  to  the  figure, 
of  a  fine  glass  tube,  having  two  (or  preferably  four)  bulbs  blown  in 
it,  and  bent  in  the  manner  indicated.    The  larger  and  lower  bulb 
usually  holds  about  1 50  c.c,  the  other  bulb  about  100  c.c.    The  volume 
of  nitric  oxide  having  been  carefully  ascertained,  it,  too,  is  passed  over 
to  the  absorption  pipette,  the  red  fumes  of  nitrogen  tetroxide  at  once 
appear,  and  this  gas  is  speedily  absorbed  by  the  water  in  the  pipette. 
The  gas  is  made  to  move  backwards  and  forwards  until  the  fumes 
disappear;  it  is  then  taken  back  finally  to  the  measuring  tube, 
and  the  reading  corresponding  to  the  altered  volume  can  be  made. 
One-third  of  the  contraction  observed  gives  the  volume  of  oxygen 
present  in  the  sample  ;  for  the  action  which  takes  place  is  expressed 
by  the  formula  2N0  -f-  O^  =:  2N0,,  and  since  the  molecules  of  NO 
and  NOi  occupy  the  same  volume  as  two  atoms  of  oxj'gen,  the 
oxygen  originally  present  contributed  one-third  part  of  the  three 
volumes  which  have,  after  conversion  into  NOj,  been  absorbed. 
^ixainple. — 50  c.c.  of  air  and  25  c.c.  of  NO  have  been  measured  in 
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the  ^as  burette  and  passed  over  to  the  pipette,  and  after  the  reaction 
has  tliken  place,  44-4  c.c.  is  found  to  be  the  volume  of  gas  now  remain- 
in'^.  How  much  oxygen  was  there  in  the  sample  of  air  ?  Here, 
the' total  contraction  is  30-6  c.c,  therefore  10-2  c.c.  of  oxygen  were 
present  in  the  original  50  c.c,  or  204  per  cent. 

The  pyrogallic  acid  and  caustic  potash  solution  is  sometimes 
used  in  connection  with  Hempel's  apparatus,  but  it  is  then  essential 
that  a  double  absorption  pipette,  with  four  bulbs  instead  of  two, 
should  be  employed,  inasmuch  as  it  is  necessary  to  avoid  as  far  as 
possible  exposing  the  absorbing  reagents  to  the  action  of  air,  while 
they  occupy  the  pipette.    The  bulb  nearest  the  capillary  loop 
contains  the  absorbent,  which  is  displaced,  when  the  sample  of 
air  is  admitted,  into  an  upper   empty  bulb.     This   last  named 
bulb  is  cut  off  from  connection  with  the  outer  air,  by  reason  of 
the  fact  that  it  communicates  with  a  second  lower  bulb  containing 
water,  which  again  communicates  with  a  second  upper  bulb,  into 
which  the  water  can  be  displaced.    The  absorbent,  under  these 
circumstances,  only  comes  in  contact  with  the  small  amount  of  air 
originally  occupying  the  first  of  the  two  upper  bulbs. 

The  amount  of  certain  other  gases  which  may  be  present  is  some- 
times estimated  by  eudiometry.  Carbonic  oxide  which,  under  very 
exceptional  circumstances,  may  be  found  in  appreciable  quantity, 
can  be  estimated  by  absorbing  it  by  somewhat  prolonged  exposure 
to  cuprous  chloride,  the  oxygen  and  carbonic  acid  having  been  first 
removed.  Again,  nitric  acid,  if  in  considerable  amount,  may  be 
estimated  by  measuring  the  loss  observed,  after  its  absorption  by 
ferrous  sulphate. 

Carbonic  acid  under  ordinary  conditions  is  present  in  compara- 
tively minute  quantities,  and  variations  in  these  small  amounts  are 
usually  estimated  in  other  ways  than  by  the  method  of  eudiometry. 
The  importance  of  carbonic  acid  estimation  arises  from  the  fact  that 
this  gas  is  contained  in  appreciable  amount  in  expired  air  ;  the 
actual  quantity  of  carbonic  acid  can  be  fairly  accurately  determined, 
and  serves  as  a  somewhat  rough  indication  of  the  extent  to  which 
other,  and  less  readily  measurable  impurities  have  been  added  to  air. 
While  inspired  air  yields  only  about  -04  per  cent,  of  carbonic 
acid,  expired  air  contains  about  4-41  per  cent.,  some  four  volumes  per 
cent.,  roughly  speaking,  of  carbonic  acid  having  been  added,  while 
a  corresponding,  though  very  slightly  greater,  amount  of  oxygen  has 
been  abstracted  from  the  air.  The  volumes  of  nitrogen  in  expired 
and  inspired  air  are  practically  identical,  79*19  in  expired,  and 
79-00  in  inspired  air  ;  but  expired  air  is  saturated  with  water  vapour, 
while  inspired  air  usually  falls  considerably  short  of  tlie  point  of 
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saturation ;  again  the  amount  of  organic  matter  in  expired  air  is 
also  increased  as  compared  with  that  in  the  normal  atmosphere.  Tt 
remains  to  note  that  while  the  volume  of  the  expired  air  will  he 

1 

seen,  from  the  above  statement,  to  he  about  -xth  less  than  that  of 

the  air  inspired,  this  result  rests  upon  the  assumption  that  the  volumes 
are  calculated  at  the  same  temperature  and  pressure  ;  the  fact  that  the 
expired  air  is  warmed  more  than  compensates  for  the  loss  above 
referred  to,  and  the  air  exhaled  actually  occupies  a  A^olume  about 
1 

gth  greater  than  that  of  the  air  inspired.    Roughly  speaking,  the 

amount  of  carbonic  acid  contributed  to  air  vitiated  by  respiration, 
is  assumed  to  indicate  the  extent  to  which  impurity  in  the  form  of 
organic  matter  is  added  to  the  air.  Tliis  assumption  is  convenient, 
inasmuch  as  the  actual  amount  of  added  organic  matter  is  so  small 
that  its  variations  are  less  easily  determined  than  are  those  of  the 
carbonic  acid.  It  was  until  lately  thought  that  the  organic  matter 
added  was  the  more  important  polluting  agency,  and  carbonic  acid 
estimation  was  undertaken,  principally  Avith  a  view  to  its  serving  as 
an  indication  of  the  extent  to  which  organic  matter  might  be  pre- 
sumed to  be  present.  Recent  researches  have  tended  to  attach 
greater  significance  to  the  carbonic  acid,  itself,  as  the  cause  of  the. 
ill  effects  produced  by  breathing  vitiated  air.  In  any  case,  the 
estimation  of  carbonic  acid  is  a  matter  of  very  great  importance. 

Estimation    of    Carbonic    Acid   by  Pettenkofer's 

Process. — In  this  process  the  carbonic  acid  contained  in  a  known 
amount  of  air  is  absorbed  by  being  well  shaken  with  a  measured 
quantity  of  clear  lime  water  or  baryta  water.  The  alkalinity  of  the 
lime  or  baryta,  after  absorbing  the  gas,  is  compared  with  its  original 
alkalinity,  and,  from  the  difference  observed,  the  amount  of  carbonic 
acid  which  has  been  taken  up  can  be  estimated.  To  measure  tlie 
air  a  large  wide-mouthed  glass-stoppered  bottle  of  known  capacity 
(usually  about  6  litres)  is  employed.  This  is  charged  by  filling  it 
with  water ;  emptying  it  and  allowing  it  to  drain  ;  tlien  reinserting 
the  stopper ;  the  series  of  operations  being  carried  out  in  the  place 
the  air  from  which  is  to  be  examined.  Alternatively  the  bottle  may 
be  filled  with  the  sample  air  by  means  of  bellows.  Sixty  c.c.  of  clear 
lime  or  baryta  water  having  been  added,  and  the  stopper  or  the 
cap  adjusted,  the  liquid  is  made  to  roll  round  the  sides  of  the 
bottle,  so  as  to  expose  it  to  the  contained  air ;  it  should  then  be 
left  for  at  least  an  hour,  to  give  opportunity  for  all  the  carbonic  acid 
to  be  absorbed.    The  alkalinity  of  the  lime  or  baryta,  water  used 
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may  now  be  tested  by  titrating  it  with  a  solution,  made  by  dissolving 
0.25  grammes  of  crystalUsed  oxalic  acid  in  a  litre  of  distilled  water. 
The  oxalic  acid  solution  is  carefully  dropped  from  a  graduated  burette 
into  a  measured  quantity,  say  30  c.c.  of  clear  lime  or  baryta  water 
(to  which  a  drop  of  phenol-phthalein  has  been  added)  the  mixture 
being  stirred  the  while  with  a  stirring  rod.  The  exact  point,  at  which 
the  pink  colour  imparted  by  the  phenol-phthalein  to  the  mixture  dis- 
appears, is  noted,  and  the  quantity  of  oxalic  acid  solution  employed 
aives  the  causticity  of  the  lime  or  baryta  water. 

"  \ftev  the  air  in  the  bottle  has  stood  for  an  hour,  a  sample  of  the 
lime  or  baryta  water,  which  has  been  in  contact  with  it,  is  similarly 
subjected  to  titration  with  the  oxalic  acid  solution.  From  the 
clear  liquid,  30  c.c.  may  now  be  taken— the  precipitate  m  the  bottle 
must  not  be  disturbed-and  the  causticity  of  this  sample  ascer- 
tained. From  the  observed  difference  between  the  two  estimations 
the  number  of  milligrammes  of  lime  or  baryta,  which  have  combined 
with  the  carbonic  acid  in  the  bottle,  can  be  determined. 

The  strength  of  the  oxalic  acid  solution  is  such  that  1  c.c. 
just  neutrahses  one  milligramme  of  CaO,  or  2-73  milligrammes  of 
BaO  The  problem,  then,  is  to  find  how  much  CO,  corresponds  to 
the  number  of  milligrammes  of  lime  or  baryta  which  have  entered 
into  combination.  In  the  case  of  lime,  since  CaO  +  CO,  =  CaCOg 
expresses  the  reaction,  each  40  +  16,  i.e.,  56,  milligrammes  of  CaO 
which  have  disappeared,  represent  12  +  16  X  2,  i.e.,  44  milli- 
grammes  of  CO,. 

44 

Hence  one  milligramme  of  CaO  represents  milligramme  of 
CO..  Now,  44  milligrammes  of  CO,,  at  0°  C.  and  760  m.m.  pressure, 
occupy  22-4  c.c. ;  .-.  ^  milligramme  of  CO,  occupies  -4  c.c,  and 
this  volume  of  CO,  corresponds  to  1  milhgramme  of  lime,  and, 
therefore,  to  1  c.c.  of  the  oxalic  acid  solution.* 

Example.— -Let  the  capacity  of  the  bottle  be  4,500  c.c,  and  suppose 
60  c.c;  of  lime  water  to  be  introduced.    The  volume  of  air  is  then 


♦  If  baryta  be  used,  then  from  the  equation  BaO  +  CO^  =  BaCO,,  it 

44 

follows  that  1  milligramme  of  BaO  represents  ^.3  milligramme  of  CO,  and 

44 

2-73  milligrammes  of  BaO  represent -jV^  x  2-73  milligramme  of  CO^,  i.e., 

^  milligramme  of  CO,,  which  corresponds  to  -4  c.c.  of  CO,.  Thus  1  c.c.  of 
oxalic  acid  solution,  which  neutralises  2-73  milligrammes  of  BaO,  corresponds 


as  before  to  -4  c.c.  of  CO 
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4,440  c.c.  Let  the  causticity  of  the  original  lime  water  be  such 
that  30  c.c.  require  44  c.c.  of  acid  solution  for  neutralisation,  and  let 
the  number  of  c.c.  required,  for  the  neutralisation  of  the  30  c.c.  after 
exposure  to  the  air  in  the  bottle,  be  38  c.c.  Then  6  c.c.  of  solution 
correspond  to  the  lime  combined  with  CO.,  in  30  c.c,  i.e.,  in  one  half 
of  the  lime  water  originally  placed  in  the  bottle.  Therefore  12  c.c. 
of  solution  represent  the  total  loss  of  lime  from  combination  with 
the  CO,  in  4,440  c.c.  of  air.  But  each  c.c.  of  solution  corresponds 
to  -4  c.c.  of  CO..  Hence  the  4,440  c.c.  of  air  contain  4*8  c.c.  of 
CO.,  or  there  are  1-08  c.c.  of  CO^  in  each  1,000  volumes  of  air. 

Inasmuch  as  in  conA-erting  the  44  milligrammes  weight  of  CO, 
into  a  corresponding  volume  of  22-4  c.c.  of  that  gas,  it  has  been 
assumed  that  the  conditions  are  those  of  standard  temperature 
and  pressure  (0°  C.  and  760  m.m.),  it  is  necessary,  for  exact 
purposes,  to  make  correction  for  deviations  of  temperature  and 
pressure  from  these  standard  conditions.  Thus  suppose,  in  the  above 
example,  that  the  temperature  were  ascertained  to  be  59°  F.,  i.e., 
15°  C,  and  the  pressure  740  m.m.  Then  the  expression  giving  the 
corrected  volume  of  the  4,440  c.c.  of  air  dealt  with,  when  estimated 
at  0°  C.  and  760  m.m.  pressure,  is 

4440  X  740  _ 
760  (1  +  -00366x  15)  ~ 

Thus  4,098  c.c.  of  air  is  the  real  volume  which  corresponds  to 
4*8  c.c.  of  CO;;,  and  the  corrected  amount  of  CO^  present  is  therefore 
1"174  c.c.  of  CO.  in  each  1,000  volumes  of  air. 

The  correction  for  pressure  is  often  neglected,  and  that  for 
temperature  is  sometimes  approximately  made  by  adding  1  per 
cent,  to  the  result,  for  each  5°  above  32°F.  If  the  value,  obtained 
in  the  above  example,  be  corrected  on  these  lines,  it  would  be 
concluded  that  there  were  1"138  c.c.  of  CO^  in  each  1,000  volume.^ 
of  air. 

A  rapid  method  of  determining  carbonic  acid  in  air  has  been 
devised  by  Haldane,*  who  uses  a  gas  analysis  apparatus  and  deter- 
mines the  loss  of  volume,  in  the  sample,  before  and  after  absorption 
of  the  COi  by  potash  solution.  A  gas  burette  M'ith  a  wide  ungradu- 
ated  portion,  and  a  narrow  portion  graduated  in  divisions,  each  corre- 
sponding to  -_l__th  part  of  the  capacity  of  the  burette,  is  employed. 

The  burette  is  enclosed  in  a  water-jacket,  and  to  correct  for  variations, 
of  temperature,  a  control  tube  of  approximately  the  same  size  and 
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shape  as  the  gas  burette  is  used.    The  pressures  under  which  the- 
readings  are  made  are  determined  to  be  the  same,  before  and  after- 
absorption,  by  measuring  the  level  of  the  potash  solution  in  the 
narrow  bore  tubing  of  the  absorption   pipette.     The  difference 
between  the  two  readings  gives  the  result  in  volumes  per  10,000;. 
no  calculations  are  necessary,  and  with   proper  precautions  the 
finding  is  reliable  to  within  -5  volume  per  10,000. 

Angus   Smith's   Test.— A  rough  test  for  determining  the- 
amount  of  CO,  in  air  is  based  upon  the  fact  that  it  is  only  when 
CO,  is  present  in  a  certain  proportion  that  visible  turbidity  is  pro- 
duced by  lime  Avater.    Hence,  if  the  smallest  quantity  of  air  which 
will  produce  turbidity  in  a  given  volume  of  lime  water  be  estimated,, 
this  affords  an  indication  of  the  amount  of  CO3  the  air  contains.  In 
making  the  determination,  half  an  ounce  of  clear  lime  water  is- 
shaken  up  with  measured  amounts  of  air,  contained  in  stoppered 
bottles  of  varying  sizes.    Ten  or  more  bottles  are  provided  for  the 
purposes  of  the  test,  and  the  amount  of  CO,  corresponding  to  a 
first  appearance  of  visible  turbidity  in  connection  with  the  use  of 
each  of  the  bottles  may  be  estimated,  and  a  table,  giving  the  results 
obtained,  constructed.     The  test  is  applied  by  shaking  the  air,  in 
larger  and  larger  bottles,  until  that  in  which  turbidity  first  appears 
has  been  determined.    If  turbidity  is  already  manifested  when  a 
6-oz.  bottle  is  used,  the  amount  of  CO,  present  is  found  to  be  about 
1-1  parts  per  1,000.    If  turbidity  appears  first  in  the  IQl-oz.  bottle,, 
the  amount  is  about  -06  part  per  1,000;  if  in  the  15^-oz.  bottle,. 
•04  part  per  1,000.     By  this  method  fairly  accurate  results  can 
be  obtained,  and  it  is  so  simple  as  to  deserve  the  name  "  Household 
test "  which  has  been  applied  to  it. 

Determination  of  Organic  Matter.— This  may  be  effected 

by  causing  water,  completely  freed  from  ammonia  by  doubly  dis- 
tilling it,  to  take  up  the  organic  matter  contained  in  a  considerable 
volume  of  the  sample  of  air  to  be  tested.  The  water  is  then  analysed 
by  one  or  other  of  the  methods  to  he  presently  described,  in  order  to 
ascertain  liow  much  organic  matter  it  contains.  The  -volume  of  air 
used  must,  of  course,  be  carefully  measured,  and  this  is  generally  done 
by  slowly  drawing  it  through  tlie  water  until  it  fills  an  aspirator 
of  known  capacity.  The  free  and  albuminoid  ammonia  taken  up 
by  the  water  may  then  be  determined  by  Wauklyn's  process  (see 
page  123).  If  the  oxidisable  organic  matter  contributed  to  the 
v^ater  by  the  air  is  to  be  estimated  by  Forchamnier's  process,  it  is 
necessary  not  to  lose  sight  of  the  fact  that  sulphurous  and  nitrous. 
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acids,  sulphuretted  hydrogen,  and  clilorine  compounds,  if  present 
m  the  air,  will  also  affect  the  colour  of  the  permanganate  solution 
{Set  page  125).  Roughly  speaking,  ordinary  air  is  found  to  yield 
about  -06  of  a  milligramme  of  free  ammonia,  and  -08  of  a  milli- 
gramme of  albuminoid  ammonia,  per  cubic  metre  of  air  used.  In  a 
jar  containing  very  impure  air,  ammonia  may  be  found  in  such  con- 
siderable amount,  as  to  admit  of  its  detection  by  inserting  a  strip 
of  filter  paper,  moistened  with  Nessler's  reagent,  between  the 
stopper  and  neck  of  the  bottle  ;  the  paper  should  be  allowed  to 
hang,  without,  of  course,  touching  the  side  of  the  bottle,  for  a 
sufficiently  long  period  to  enable  the  ammonia  present  to  produce 
the  discoloration  in  question. 

Carbonic  Oxide.— The  detection  of  this  impurity  in  air  is  a 
very  important  matter,  inasmuch  as  the  gas,  if  breathed  into  the 
lungs,  combines  with  the  hfemoglobin  of  the  blood,  and,  preventing 
its  continuing  to  perform  its  function  as  an  oxygen-carrier,  produces 
asphyxiation.  If  only  one  or  two  volumes  per  1,000  are  present  in 
air,  poisonous  symptoms  are  produced  after  about  half  an  hour's 
exposure,  and  an  atmosphere  containing  1  per  cent,  of  the  gas  proves 
rapidly  fatal.  Carbonic  oxide  is  itself  inodorous,  but  one  of  the  most 
common  means  by  which  it  is  introduced  into  the  air  is  by  an  escape 
of  ordinary  coal  gas,  which  contains  some  7  per  cent,  of  it,  and  under 
such  circumstances,  the  smell  of  other  constituents  of  the  coal  gas 
usually  excites  attention.  Carbonic  oxide  is  contained,  however,  in 
much  larger  quantity,  25  to  40  per  cent.,  in  "  water  gas,"  and  as  this 
form  of  illuminant,  unless  it  be  specially  prepared  with  the  object  of 
rendering  any  escape  noticeable,  is  inodorous,  its  use  is  attended  with 
considerable  danger.  Carbonic  oxide  is  also  introduced  under  cir- 
cumstances in  Avhich  products  of  combustion  from  furnaces  or  flues 
have  access  to  the  air  of  rooms,  and  it  is  evolved  from  stoves, 
particularly  from  cast-iron  stoves  in  wliich  coke  is  used ;  the  heated 
cast-iron  probably  permits  the  gas  to  pass  through  it  from  the  fire, 
and  it  may  also  effect  reduction  of  carbonic  acid  to  carbonic  oxide ; 
possibly,  too,  the  carbon  contained  in  the  cast-iron  becomes  to  some 
extent  oxidised. 

The  quantitative  determination  of  carbonic  oxide  has  already 
been  dealt  with  under  the  heading  Eudiometry ;  the  delicate  quali- 
tative test,  known  as  Vogel's  test,  is  that  commonly  used  for 
detecting  its  presence  in  air.  The  sample  of  air  to  be  examined  is 
.shaken  up  with  a  small  quantity  of  water,  and  a  drop  or  two  of 
blood  is  then  added  to  and  thorouglily  shaken  up  with  it.  If  the 
mixture  be  then  examined  in  a  spectroscope,  two  absorption  bands, 


AIR. 


61 


the  bands  of  carbonic  oxide  hiemoglobin,  will  be  seen  lying  between 
the  lines  D  and  E  of  the  spectrum.  These  bands  occupy  almost 
the  same  position  as  those  of  ordinary  oxyhsemoglobin ;  on  the 
addition,  however,  of  a  few  drops  of  ammonium  sulphide,  the  pre- 
sence or  absence  of  carbonic  oxide  is  at  once  determined  by  the 
Ijehaviour  of  the  absorption  bands.  If  no  carbonic  oxide  be  present, 
the  oxyhfemoglobin  is  reduced,  and  its  characteristic  bands  are 
replaced  by  the  single  broad  band  of  reduced  hsemoglobin ;  if, 
however,  carbonic  2^*"  be  present,  the  reduction  is  not  effected,, 
and  the  bands  undergo  no  change. 

Ozone. — When  sparks  from  a  good  electrical  machine  are  passed 
through  moist  air,  a  chlorine-like  odour  is  developed,  and  some  dimi- 
nution of  volume  occurs.     These  phenomena  are  ascribed  to  the 
conversion  of  some  of  the  oxygen  into  an  allotropic  form  of  that 
element  called  ozone  (the  Greek  word  o^o)  signifying  to  smell). 
Ozone  is  capable  of  liberating  iodine  from  iodide  of  potassium,  and 
in  certain  states  of  the  atmosphere,  particularly  after  thunder 
storms,  the  air  is  found  capable  of  producing  this  result.  Upon 
this  fact  is  based  the  ordinary  test  for  ozone,  originally  debased  by 
Schonbein,  who  first  drew  attention  to  the  importance  of  detecting 
the  presence  of  this  gas  in  air.    Schdnbein's  test  consists  in  ex- 
posing to  the  action  of  the  atmosphere  a  prepared  strip  of  paper, 
soaked  in  a  solution  of  potassium  iodide  and  starch,  and  then  dried.. 
If  ozone  be  present  free  iodine  is  liberated   (O3-I- 2KI-|-H.O  = 
2KH0-|-I,-|-0.,)  and  combines  with  the  starch,  forming  blue  iodide 
of  starch.    Schonbein,  regarding  the  intensity  of  the  reaction  as 
an  important  indication  of  the   purity  of  the  atmosphere,  pro 
posed  to  carefully  estimate  it  by  observing  the  amount  of  blueing, 
as  compared  with  a  standard  scale  of  tints,  and  expressing  the 
result  by  a  number  (the  scale  of  tints  ranging  from  1  to  10). 
It  appears,  however,  that  other  substances,  particularly  nitrous 
acid  and   peroxide   of  hydrogen,    also   blue  the    starch  paper- 
moreover,  some  of  the  freed  iodine  becomes  volatilised  and  some 
is  oxidised  ;  thus  portions  of  the  iodine  never  act  on  the  paper. 
A  second  test,   Bouzeau's  test,,  has  been  devised,  which  obviates 
difficulty  so  far  as  nitrous  acid  is  concerned.    In  this  test  faintly 
red  litmus  paper  is  soaked  in  very  dilute  iodide  of  potassium, 
and  dried.    The  blue  coloration  of  the  litmus  observed,  when  air 
is  tested  with  this  paper,  is  attributed  to  liberation  of  iodine  by 
the  ozone,  which  enables  the  potash,  formerly  combined  with  the 
iodine,  to  produce  the  change  of  colour  in  question.  Hydrogen 
peroxide  gives  a  similar  reaction,  but  it  is  said  to  only  do  so  after 
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'Comparatively  pi-olonged  exposure.  The  presence  of  ammonia  may 
:also  lead  to  difficulty,  but  this  may  be  obviated  by  simultaneously 
•experimenting  with  a  piece  of  litmus  paper,  similarly  tinted  to  the 
"first  piece,  but  not  soaked  in  potassium  iodide.  The  difference  in  the 
■colour  change  observed  in  the  two  pieces  of  litmus  paper  may  be 
•ascribed  to  ozone.  While  the  precise  importance  to  be  attributed  to 
"these  tests  for  the  presence  of  ozone  is  not  clearly  made  out,  it  may 
"be  accepted  as  a  fact  that  the  phenomena  are  more  marked — in 
-country  air  than  in  that  of  towns,  at  high  than  at  low  levels,  near 
-the  sea  than  at  places  inland,  and  (in  this  country)  at  times  when 
the  wind  is  in  the  south  and  west,  as  opposed  to  those  when  it  is 
In  the  east. 

Sulphur  compounds  are  present  in  the  atmosphere  in  traces 
■in  places  where  much  coal,  particularly  coal  containing  appreciable 
quantity  of  sulphides,  is  used.  The  presence  of  sulphurous  acid  in 
^considerable  amount  is  readily  detected  by  its  characteristic  smell  and 
•action  upon  litmus  paper.  Sulphuretted  hydrogen  and  sulphide  of 
-ammonium  also  possess  distinctive  odours,  and  they  may  be  detected 
'by  their  power  of  darkening  lead  acetate  paper.  Ammonium  sulphide 
may  be  distinguished  from  sulphuretted  hjj^drogen  by  its  alkaline 
•reaction,  and  by  its  giving  a  violet  colour  with  sodium  nitro-prusside. 
'These  gases  are  produced  in  processes  of  decomposition  as  well  as 
"in  those  of  combustion. 

Other  gases  which  may  be  met  Avith  as  impurities  in  a  sample  of 
;air,  are  chlorine,  which  has  a  characteristic  smell,  and  Avhich  first 
reddens  and  ultimately  bleaches  litmus  paper ;  hydrochloric  acid, 
which  markedly  reddens  blue  litmus  paper,  and  gives  a  white 
;precipitate  (soluble  in  ammonia)  on  being  shaken  up  vdth  silver 
;nitrate  ;  and  niti-ic  and  nitrous  acids,  wliich  also  redden  litmus  paper, 
'(the  presence  of  the  two  last-named  gases  maj'-  be  tested  for  by 
vshaking  the  air  up  yvith  a  little  water  and  applying  the  tests  for 
nitrates  and  nitrites,  to  be  presently  described).  Carbon  bi- 
isulphide  may  occur  as  a  product  of  combustion,  and  is  said  to  be 
produced  in  connection  with  the  manufacture  of  vulcanised  india- 
irubber ;  this  gas  possesses  a  very  characteristic  odour,  like  tliat  of 
.•garlic.  In  particular  processes  in  the  manufacture  of  bone  manure 
rfirsenic  is  given  off.  Some  of  the  effluvia  evolved  in  carrying  on 
<3ertain  offensive  businesses,  to  be  presently  referred  to,  produce 
eminently  characteristic  impressions  on  the  olfactory  sense  ;  such 
Ave,  for  example,  the  effluvia  resulting  from  gut  scraping,  blood 
boiling,  and  tallow  melting. 

Suspended  matter. — The  sunbeam  reveals  the  extent  to  whicli 
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visible  suspended  particles  exist  in  air,  and  the  contrast  between  the 
ordinary  appearance  of  the  lungs  (as  seen  post  mortem)  and  that 
obser\-ed  in  the  case  of  an  individual  who  has  been  but  little  exposed 
to  town  atmospheres,  shows  the  considerable  advantage,  over  persons 
compelled  to  inhale  a  dust  and  smoke-laden  atmosphere,  enjoyed  by 
those  who  breathe  pure  air.  The  pigmentation  of  the  town  dweller's 
lungs  is  mainly  attributable  to  particles  of  carbon ;  as  Arlidge 
points  out,  "  soot  and  coal  dust  have  remarkable  powers  of  dif- 
fusion throughout  the  parenchyma,  far  exceeding  that  of  the  dust 
of  metals  and  stone."  Particles  of  mineral  matter  assume  import- 
ance mainly  as  a  result  of  their  physical  characters  of  shape, 
density,  and  capacity  generally  of  acting  as  irritants ;  to  this  subject 
it  will  be  necessary  to  return  in  connection  with  special  trade 
processes. 

Dust  of  animal  and  vegetable  origin  does  not,  as  a  rule,  affect  the 
lung  substance  so  injuriously  as  certain  mineral  dusts  do,  and  the 
discovery,  in  air,  of  wool,  cotton,  etc.,  fibres,  epithelial  scales,  pus  cells, 
starch  grains,  woody  fibres  and  fragments  of  animal  and  vegetable 
tissue,  is  mainly  of  interest  as  serving  to  indicate  the  kind  of  surround- 
ings from  which  the  air  was  taken,  and  as  suggesting  what  is  likely 
to  be  the  character  of  the  much  more  minute,  but  far  more  import- 
ant, living  organisms  contained  in  it.  The  most  valuable  methods 
of  examination  of  the  suspended  matter  in  air,  therefore,  are  those 
which  relate  to  the  cultivation  in  or  upon  appropriate  nutrient 
media  of  its  contained  micro-organisms,  with  a  view  to  their 
isolation  and  the  determination  of  their  specific  characters. 

Various  devices  have  been  employed  with  a  view  to  collecting  sus- 
pended particles.  Thus,  in  Pouchet's  aeroscope,  air  is  drawn  by  aspira- 
tion through  a  tube  terminating  in  a  fine  point,  which  is  directed  upon 
a  glass  plate  smeared  over  with  glycerine.  The  particles  contained 
in  a  given  volume  of  air  can  thus  be  sprayed  upon  and  intercepted 
by  the  glycerine,  and  subsequently  submitted  to  examination.  Or  a 
known  volume  of  air  may  be  slowly  drawn  through  a  filter  of  pure 
sugar,  and  when  the  filter  has  intercepted  the  suspended  matter,  the 
sugar  can  be  dissolved  in  a  little  pure  water,  and  the  material  thus 
collected  in  the  water  may  be  examined  as  before. 

In  order  to  study  further  the  micro-organisms  contained  in  air, 
it  is  necessary  to  cultivate  them  in  or  upon  the  surface  of  steri- 
lised nutrient  media.  In  Hesse's  apparatus  (Fig.  10)  air,  in 
measured  quantity,  is  drawn  through  a  cylinder  coated  with  such 
sterile  nutrient  material,  the  organisms  are  deposited  upon  the 
surface  of  the  medium,  and  from  the  colonies  wliich  develop  pure 
cultivations  can  be  obtained. 
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As  the  use  of  the  cylinder  is  attended  witli  several  disadvantages, 
it  is  more  usual  to  employ  a  sterile  filter  to  collect  the  germs,  or  to 
cause  the  air  to  pass  through  sterilised  broth,  and  to  afterwards 
examine  the  material  intercepted  by  making  plate  cultivations  with 

it,  in  such  degrees  of  dilution  as  will 
ensure  its  being  practicable  to 
separate  the  individual  colonies 
which  appear. 

A  simpler  method  consists  in  ex- 
posing, to  the  air  to  be  examined, 
for  varying  intervals  of  time,  nu- 
trient material  in  ordinary  Petri 
dishes.  The  number  of  colonies 
which  develop,  after  a  definite 
number  of  seconds'  or  minutes'  ex- 
posure, can  then  be  counted,  and  a 
means  of  comparison  between  the 
number  of  organisms  present  in 
difTerent  localities,  and  capable  of 
growing  upon  the  material  used^ 
can  thus  be  instituted.  Moreover, 
particular  colonies  can,  if  tliis  be 
considered  desirable,  be  isolated 
and  grown  in  sub-culture  and  submitted  to  further  examination. 
It  is,  of  course,  important  to  bear  in  mind  that  only  those 
species  of  organisms  develop  which  are  able  to  grow  under  the  con- 
ditions of  the  experiment.  Thus  the  colonies  which  appear  on  the 
surface  and  in  the  depth  of  nutrient  gelatine,  kept  at  ordinary  tem- 
peratures, do  not  represent  all  the  forms  of  living  organisms  present 
in  the  air.  It  is  desirable,  therefore,  in  particular  cases,  to  work  also 
with  agar  plates,  which  can  be  incubated  at  higher  temperatures,, 
and  if  it  is  thought  necessary,  the  number  and  character  of  the 
anaerobic  forms  present  may  be  also  ascertained.  This  can  be  done 
by  exhausting  air  from,  and -then  sealing,  the  vessel  in  which  incuba. 
tion  is  carried  on  ;  by  absorbing  the  oxygen  by  means  of  pyrogallic 
acid  and  potash  solution ;  or  by  replacing  the  air  of  the  vessel  by  an 
atmosphere  of  some  other  gas,  such  as  hydrogen. 

Bacteria  are  practically  non-existent  in  the  air  at  the  summit  of 
high  mountains  and  in  that  at  sea,  provided  the  nearest  land  be  a 
hundred  miles  or  more  away.  Miquel  found,  as  the  average  of  six  years' 
observations,  about  450  organisms  per  cubic  metre  in  the  air  of  the 
park  at  Montsouris,  near  Paris,  while  in  the  Bue  de  Bivoli  the 
corresponding  average  was  nearly  4,000.    In  a  hospital  ward  he 
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found  nearly  80,000  per  cubic  metre.  The  number  observed  attained 
a  maximum  at  Montsouris  in  July,  and  was  at  its  minimum  in 
February.  There  was,  it  may  be  noted,  marked  diminution  after 
rain. 

Carnelley,  Haldane,  and  Anderson  made  experiments  at  Dundee, 
as  a  result  of  which  they  were  led  to  attach  importance  to  the 
proportion  in  which  moulds,  as  contrasted  with  bacteria,  are  found 
in  various  atmospheres. 

In  the  open  air  they  found  only  2  moulds  and  6  bacteria  per 
10  litres  of  air. 

In  houses  of  4  or  more  rooms,  there  were  4  moulds  and  85  bacteria 

per  10  litres  of  air. 
In  houses  of  2  rooms,  there  were  22  moulds  and  430  bacteria  per 

10  litres  of  air. 

And  in  houses  of  1  room,  there  were  12  moulds  and  580  bacteria 
per  10  litres  of  air. 

(III.) — Atmosphekic  Impurities. 

The  impurities  met  with  in  the  atmosphere  may  be  considered 
under  the  following  heads  : — Suspended  matter  and  dust ;  gases  and 
effluvia  generated  in  connection  with  various  trade  processes  ;  emana- 
tions from  putrefying  organic  matter ;  and  finally,  there  are  the 
various  substances  added  to  the  air  by  the  processes  of  combustion 
and  respiration. 

Suspended  Matter. — The  dust  particles  in  air  have  been 
counted  by  Aitken  ;  his  method  consists  in  diluting  the  air  to  be 
examined,  to  a  suitable  extent,  with  dust-free  air  and  then,  by 
addition  of  water  vapour,  causing  each  particle  of  dust,  in  a 
measured  quantity  of  the  mixture,  to  have  attached  to  it  a  minute 
droplet  of  water ;  these  droplets  are  then  allowed  to  fall  upon  a 
surface  of  known  area,  and  the  number  so  deposited  is  counted. 
Aitken  found  that  the  number  of  pai-ticles  per  cubic  inch  of  fresh 
■lir,  varies  from  about  2,000  in  the  open  country,  to  up^vards  of 
:),000,000  in  towns,  while  in  inhabited  rooms  the  number  may  be 
ten  times  as  great  as  that  last  mentioned. 

Dust  as  a  Mechanical  Irritant. — The  dust  produced  in 

some  trade  processes  produces  deleterious  effects  in  the  persons 
who  are  compelled  to  inhale  it ;  as  has  been  noted,  the  physical 
characters  of  the  dust  exercise  important  influence  in  this  connec- 
tion, and,  according  to  the  various  degrees  of  irritation  produced, 
cough,  the  expectoration  of  material  betraying  the  presence  of  tiie 
particular  dust  inhaled,  and  dyspnoea,  are  likely  to  be  sooner  or  later 
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developed.  In  contradistinction  to  the  plienomena  of  tubercular 
disease,  it  ma)"^  be  stated,  that  in  the  dust-diseased  lung  the  appear- 
ance of  expectoration  is  usually  delayed,  hjemoptysis  is  uncommon, 
fever  is  but  little  marked,  and  diarrhtea  and  loss  of  voice  do  not,  as  a 
rule,  occur.  Tlie  symptoms  specified  are,  no  doubt,  caused  by  the 
setting  up  of  chronic  catarrh,  which  causes  degeneration  of  epithelial 
cells,  and  favours  penetration  of  foreign  matter  into  deeper  tissues, 
with  induration  and  ultimate  transformation  of  tlie  lung  substance 
into  a  hard,  solid,  fibrous  mass.  These  changes  preferentially,  thougli 
not  exclusively,  affect  the  apices  of  the  lungs,  and,  as  they  progress, 
emphysema,  in  greater  or  less  degree,  is  pi'oduced,  Avith  the  for- 
}nation  of  pleural  adhesions,  and  sometimes  with  the  development 
of  pleural  effusion.  In  cases  in  which  tubercular  mischief  is  not 
engrafted  upon  the  damaged  tissues,  cavities  do  not,  as  a  rule, 
exist. 

The  trades  in  which  these  dust  diseases  are  most  common  are  tlie 
various  occupations  in  which  metallic  and  mineral  dusts  are  inhaled. 
Among  miners  great  differences  are  observed  ;  in  the  colliers  of  the 
north  of  England,  who  work  in  well-ventilated  mines,  and  who  are 
mainly  exposed  to  particles  of  carbon,  the  mortality  from  pulmonary 
disease  is  not  particularly  high ;  indeed,  these  men  seem  to  suffer  to  a 
less  extent  from  phthisis  than  might  have  been  anticipated,  and  this 
has  been  held  to  be  due  to  some  property  of  coal  dust  wliich  renders 
it  antagonistic  to  tubercle.  It  appears,  however,  that  there  is  little 
to  be  said  in  favour  of  this  contention,  for  miners  are,  for  the  most 
part,  picked  men,  and  their  freedom  from  tubercular  phthisis  does 
not  seem  to  be  more  pronounced,  than  might  be  expected  to  be  tlie 
case  on  this  ground  alone.  At  the  other  end  of  the  scale  from  the 
colliers  stand  the  Cornish  or  tin  miners ;  these  last-named  workers 
inhale  a  mineral  dust  of  very  irritating  character,  and  their 
mortality  from  phthisis  is  exceptionally  high. 

Again,  quarrymen,  cutlers,  and  file  makers  usually  show  liigh 
mortality  from  lung  diseases,  and  tlie  frequency  of  occurrence  of 
lung-mischief  among  earthenware  manufacturers  is  indicated  by  the 
common  application  of  the  term  "  potters'  astlima  "  to  the  malady 
which  contributes  largely  to  the  liigh  mortality  observed  in  the 
potteries.  The  irritating  elements  at  work,  in  the  occupation  last 
referred  to,  appear  to  be  the  angular  particles  of  silex  derived  from 
the  potter's  clay.  In  the  process  of  "  china  scouring,"  in  which  tlie 
flint  dust  is  brushed  by  women  off  the  china  ware  after  it  has  been 
baked,  clouds  of  dust  particles  are  produced,  and  this  particular 
branch  of  the  earthenware  manufacture  is  especially  associated  witli 
damage  to  tlie  tissue  of  the  lung. 
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Tu  1899  Dr.  Birmingham  drew  attention  to  what  he  tei'med 
"  ganister  disease,"  a  malady  which  affects  Avorkers  engaged  in  the 
ganister  industry  in  the  valley  of  the  Don,  between  Penistone  al^d 
Sheffield.  Ganister  is  a  hard  silicious  stone  which  is  obtained  by 
bhisting  with  dynamite,  and  is  then  crushed.  The  material  is 
subsequently  ground  wet,  and  moulded  intp  bricks,  which,  being 
pre-eminently  fire-resisting,  are  used  for  lining  the  bottoms  of 
Bessemer  converters  and  crucibles  for  moulding  steel.  Inquiry  con- 
cerning the  disease  was  made  b}^  Dr.  Legge,  whose  report  appears  in 
the  Annual  Report  for  1900  of  H.M.  Chief  Inspector  of  Factories. 
Among  ganister  miners  the  incidence  of  phthisis  was  found  to  be 
ten  times  as  great  as  in  the  general  male  population  at  corresponding 
ages.  Among  workers  in  the  material,  at  the  surface,  the  mortality 
was  excessive,  but  to  nothing  like  the  extent  observed  in  the  miners. 
Dr.  Andrewes,  who  examined  the  lungs  of  two  fatal  cases  of  ganister 
disease,  found  that  the  primary  changes  were  dependent .  upon  the 
irritation  of  the  inhaled  dust,  which  liad  given  rise  to  a  fibrosis, 
lymphatic  in  its  distribution  in  its  earlier  stages,  but  subsequently 
extending  to  large  areas  of  lung  tissue.  Upon  this  fibrosis  a 
secondary  tubei'culosis  was  later  grafted. 

The  metallic  du.st  produced  in  some  of  the  Sheffield  trades  is,  if 
anything,  more  injurious  than  the  silicious  dust  of  the  potteries,  and 
according  to  Arlidge  can  only  be  compared  with  the  worst  kinds  of 
stone  dust.  In  button  making,  and  paz-ticularly  in  connection  witli 
the  cutting  and  polishing  of  mother-of-pearl  buttons  carried  on  at 
Birmingham,  a  heavy  dust  is  produced  which  is  especially  liable  to 
cause  fibrosis  of  the  lungs.  Again,  in  association  with  pin  point- 
ing and  with  the  needle-making  industry  at  Redditch,  lung  diseases 
are  commonly  observed;  moreover,  in  certain  finishing  depart- 
ments in  electro-plate  manufactories,  in  which  articles  are  rubbed 
with  a  polishing  powder,  dust  which  possesses  irritating  properties 
is  evolved. 

As  regards  ^vegetable  dusts,  tJiose  derived  from  cotton  and  fiax 
are  most  frequently  associated  with  the  production  of  disease.  In  the 
manufacture  of  cotton,  moreover,  the  china  clay  which  has  of  recent 
yeai-8  been  used  for  sizing  the  warp,  gives  rise  to  a  dust  wliich 
produces  disease,  and  its  ill  effects  appear  to  be  aggravated  by  the 
fact  that  the  clay  is  manipulated  in  a  moist  atmosphere.    Flour  dust 

f-ms  to  be  comparatively  innocuous,  but  the  dust  of  some  liard 
woods  possesses  irritating  properties. 

Other  Dusts  and  Vapours.— The  above-mentioned  dusts  act 
mainly  as  mechanical  irritants ;  there  are  certain  other  dusts  and 
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vapours  evolved  in  various  trade  processes  which  produce  special 
characteristic  symptoms  and  which  must  now  be  referred  to.  Lead 
poisoning  occurs  in  plumbers  and  painters ;  in  persons  engaged  in 
the  glazing  of  pottery  ;  in  file  makers  and  type  setters ;  in  makers 
of  glazed  playing   cards  and  of   artificial  flowers;  and   in  con- 
nection with  the  manufacture  of  lace,  in  which  industry  white  lead 
is  used  "  to  throw  up  the  pattern."    The  manufacture  of  white  lead 
is  especially  attended  by  danger,  when  the  process  is  conducted  by 
what  is  known  as  the  Dutch  method,  in  which  thin  sheets  of 
lead  are  exposed  to  the  vapour  of  acetic  acid;  the  subacetat«  of 
lead   which   is  thus  formed   is  afterwards  exposed   to  carbonic 
acid,  evolved  from  tan,  and  so  converted  into   carbonate  of  lead. 
The' women  who  remove  the  white  lead,  and  who  grind  and  pack 
it,  suffer  much  from  plumbism.    Wet  grinding  and  the  enforcement 
of  absolute  cleanliness  tend  to  reduce  the  mischief  to  a  minimum. 

Copper  poisoning  is  said  to  occur  in  a  few  industries.  Some- 
what contradictory  opinions  have,  however,  been  expressed  on  this 
subject.  Arlidge  believes  that  under  certain  circumstances  "copper 
colic  "  is  undoubtedly  met  with.  "  Brassfounders'  ague  "  which  occurs 
amon^  persons  who  inhale  the  metallic  dust  produced  in  parti- 
cular "operations  carried  on  in  brass  foundries,  has  been  attributed 
to  fumes  of  zinc  oxide,  but  it  is  probably  really  in  the  main  due  to 
chronic  copper  poisoning.  The  symptoms  of  this  pecuhar  malady 
simulate  ague,  but  are  not  truly  periodic.  Mercurial  poisoning 
occurs  in  "water  gilders,"  who  use  an  amalgam  of  mercury  and  gold, 
and  in  silverers  of  mirrors.  Workmen  employed  in  the  manufacture 
of  arsenical  wall  papers,  and  the  makers  of  artificial  flowers,  suffer 
from  arsenical  poisoning,  and  this  malady  has  also  been  produced 
from  time  to  time  in  persons  who  have  merely  inhaled  the  dust  of 
rooms,  papered  with  wall  paper  coloured  with  certain  compounds  of 

'  l  umes  of  phosphorus  produce  necrosis  of  the  jaw,  but  fortunately 
the  red  amorphous  phosphorus  has  replaced,  to  a  consideralile 
extent,  the  yellow  phosphorus  which  formerly  caused  so  mucli  harm 
to  those  who  worked  with  it.  f  In  the  manufacture  of  bichromate 
of  potash,  dust  is  evolved  which  causes  irritation  and  ulceration 
t.f  the  lining  membrane  of  the  nose.  Portland  cement  manufacturers 
suffer  from  lung  diseases  as  a  result  of  inhaling  dust,  and  traces  of 

"m^c  the  report  by  Dr  Guy  published  in  the  Fifth  Report  of  the  Medical 

t)fficer  of  the  Privy  Council.  .  ,    j    i..  -.i 

+  The  subject  of  the  match-making  industry  was  elaborately  dealt  with 
l,y  Dr.  Bristowe,  whose  report  appeared  in  the  Fifth  Report  of  the  Medical 
o'fliccr  of  the  Privy  Council. 
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cyanogen  compounds  are  said  to  be  given  off  during  the  "  burning 
process."  Other  specially  injurious  fumes,  evolved  in  trade  pro- 
cesses, are  the  vapours  of  silicon  fluoride  produced  in  the  manu- 
facture of  superphosphate  manure,  the  carbon  bisulphide  of  vul- 
canised india-rubber  works,  the  sulphurous  acid  evolved  in  bleach- 
ing works,  the  sulphuretted  laydrogen  of  certain  chemical  Avorks, 
and  the  hydrochloric  acid  vapours  of  alkali  works. 

Workmen  exposed  to  the  fumes  of  naphtha,  which  is  used  in 
rubber  Avorks  as  a  solvent,  are  apt  to  suffer  from  headache,  giddi- 
ness, digestive  disturbances,  and  in  some  cases  from  nervous  excite- 
ment. I^itro-benzene  is  another  substance  which  produces  distinc- 
■  tive  symptoms ;  droAvsiness,  passing  in  extreme  cases  into  coma, 
being  especially  met  Avith.  In  connection  Avith  the  use  of  roburite — 
an  explosiA-e  much  employed  in  mines — symptoms  of  this  kind  liave 
been  developed,  and  they  are  probably  to  be  attributed  to  nitro- 
benzene poisoning.  Similar  symptoms  haA'e  resulted  from  use  of 
the  "  Sicherheit  explosive."  The  symptoms  observed  in  Avorkers  in 
melinite  are  said  to  be  due  to  picric  acid. 

In  some  Aveaving  sheds,  and  in  connection  AAdth  other  trade 
processes,  the  air  is  steamed,  and  excessive  humidity  together  Avith 
heightened  temperature  is  produced.  Ventilation  is  often  imper- 
fectly carried  out,  and  impurities  accumulate  under  such  conditions 
{See  p.  555). 

Micro-organisms. — The  atmosphere  undoubtedly  at  times 
contains  living  particles  Avhich  are  capable  of  producing  specific 
disease.  The  spores  of  fungi  causing  skin  diseases  may  spread  from 
person  to  person  in  this  Avay.  The  pollen  of  some  kinds  of  grass  is  held 
accountable  for  the  production  of  Avhat  is  called  "  hay  fever  "  ;  little 
is  known  concerning  the  mode  of  action  of  the  exciting  cause  in  this 
malady,  but  personal  idiosyncrasy  on  the  part  of  the  patient  is  par- 
ticularly marked.  Bacteria  capable  of  causing  disease  are  not  infre- 
([uently  air  borne.  The  infection  of  tubercle,  small-pox,  measles,  typhus, 
Avhooping-cough,  influenza,  scarlet  fever  and  diphtheria,  and,  possibly, 
that  of  enteric  fever  and  of  plague  may  be  communicated  in  this 
way.  Granular  ophthalmia,  puerperal  fever,  erysipelas,  some  forms 
of  throat  affection,  and  hospital  gangrene  may  be  similarly  spread. 

The  occurrence  of  anthrax  in  Avorkers  in  certain  trades  lias 
special  interest  in  connection  Avith  diseases  of  occupation.  It  had  been 
recognised  from  1846  ouAvards  that  Avool-sorting  was  associated  Avith 
the  production  of  symptoms  of  lung  disease,  and  that  these  symptoms 
Avere  attributable  to  the  inhalation  of  dust.  After  the  introduction 
of  particular  avooIs  into  the  Yorkshii-o  mills,  notably  mohair  and 
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alpaca,  a  number  of  deaths  from  "wool-sorters'  disease"  occurred, 
and  the  illness  was  studied  by  J.  H.  Bell,  of  Bradford,  who  arrived  at 
the  conclusion  in  1879  that  the  mischief  was  caused  by  the  anthrax 
germ.  The  subject  was  fully  investigated  in  1880  by  Spear,  and 
the  fact  that  "  wool-sorters'  disease  "  was  reallj'-  "  internal  anthrax  " 
became  established.  Of  late  years,  from  time  to  time,  various 
measures  of  precaution  have  been  suggested  and  carried  out  V)v 
Bradford  manufacturers  with  a  view  to  preventing  spread  of  tlie 
malady.  Cases  of  illness  have,  moreover,  been  met  with  among 
persons  who  manipulate  hair,  and  in  1878  an  outbreak  of  anthrax' 
was  obser^'ed  in  some  hair  factories  in  Glasgow,  and  was  repoited 
on  by  the  Medical  Officer  of  Health  of  that  city.*  The  occurrence 
of  anthrax  in  woi-kers  in  horsehair,  and  in  brush  manufacturers, 
has  since  been  observed  in  several  instances  in  London,  and  con- 
siderable outbreaks  of  the  disease  have  been  I'ecorded  by  German 
investigators,  particularly  in  connection  with  the  paint-brush  manu- 
factoi'ies  of  Nuremburg.  In  the  case  of  both  the  trades  mentioned, 
anthrax  commonly  assumes  what  is  known  as  the  internal  form. 

As  long  ago  as  1883  Spear  collected  a  number  of  cases, 
mainly  of  malignant  pustule,  i.e.,  of  the  external  form  of  the 
disease,  which  had  occurred  among  persons  engaged  in  the  London 
hide  and  skin  trades.  A  considerable  outbreak  in  Bermondsey 
in  1882  was  traced  to  the  manipulation  of  a  consignment  of  dry 
hides  from  China,  and  it  Avas  found  that  many  of  these  hides 
were  "  dead  "  hides,  that  is,  they  had  been  removed  from  animals 
wliich  had  presumably  died  from  the  effects  of  disease,  possibly 
anthrax,  and  had  not  been  slaughtered  in  the  ordinary  way.  Since 
the  date  of  this  outbreak  a  number  of  cases  of  anthrax  liave  been 
met  with  in  London,  and  in  some  otlier  English  toAvns  in  wliicli 
hides  and  skins  are  manipulated,  and  infection  appears  to  have  been 
transmitted  in  these  cases,  as  a  rule,  by  "  dry "  hides  or  skins,  as 
opposed  to  those  cured  by  the  wet  process.  In  cases  of  malignant 
pustule,  provided  the  patient  is  seen  at  an  early  stage  of  tlie 
malady,  and  the  pustule  is  excised,  recovery  generally  ensues. 

Dr.  Bell  recorded  in  1901  {British  Medical  Journal,  J \\\y  20)  six 
cases  of  what  he  terms  "CEdematous  and  erysipelatous  ai\thrax." 
This  form  of  the  disease  is,  lie  says,  identical  witli  wliat  was 
described  by  Bourgeois  in  1843  as  "ccd^me  malin.  '  Extensive 
a'denia 'develops;  in  sliglit  cases  there  is  no  redness,  vcsiention  or 


*  Glasgow  remained  for  long  after  this  free  from  tlie  disease,  but  a  case 
occurred  in  a  woman  who  liad  handled  hair  from  lUissia.  wliich  is  reported 
by  Dr.  Scott  in  the  JMHith  Mcfli ml  Journal  of  -Tnly  20.  IPOl. 
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eschar  ;  in  the  more  severe  forms  much  redness,  and  later  vesication 
and  eschar,  or  gangrenous  appearance  of  the  skin,  develop.  Three  of 
the  six  cases  recorded  by  Bell  were  fatal ;  in  all  of  them  wool 
was  the  source  of  infection.  It  may  be  noted  that  the  Factory  and 
Workshop  Act  of  1895  made  cases  of  anthrax,  as  well  as  of  lead, 
phosphorus  or  arsenical  poisoning,  contracted  in  any  factory  or 
workshop,  compulsorily  notifiable  to  H.M.  Chief  Inspector  of 
Factories. 

Offensive  Trades. — The  occupation  diseases  which  have  hitherto 
been  referred  to  mainly  affect  persons  actually  employed  in  the 
several  processes  of  manufacture there  are,  however,  a  number  of 
trade  processes  in  which  offensive  effluvia  are  produced,  the  ill  effects 
of  which  are  not  limited  to  the  factory  ;  the  surrounding  atmosphere 
becomes  contaminated  and  nuisance  results,  which  may  affect  persons 
living  at  some  distance  from  the  particular  trade  premises  con- 
cerned. Certain  of  these  "noxious"  or  "offensive"  trades,  as 
they  are  called,  may  be  regulated  by  by-laws.  Thus,  the  Public 
Health  Act  of  1875,  prohibits  the  establishment,  without  tlie 
consent  of  the  local  authority,  of  the  businesses  of  a  blood 
boiler,  bone  boiler,  fellmonger,  soap  boiler,  talloAv  melter  or 
tripe  boiler,  or  "any  other  noxious  or  offensive  trade,"  and 
pro-vides  for  the  making  of  by-laws  regulating  these  trades,  if  they 
are  once  established. 

Model  by-laws,  dealing  with  the  trades  specified,  and  also  with  those 
of.  a  blood  drier,  leather  dresser  and  tanner,  fat  melter  and  fat 
extractor,  glue  and  size  maker,  and  gut  scraper,  liave  been  framed  by 
the  Local  Government  Board.  The  question  has  arisen,  from  time  to 
time,  as  to  whether  certain  trades  can  or  cannot  be  scheduled  as 
offensive  trades  and  regulated  by  by-laws.  It  would  have  to  be 
proved,  in  the  case  of  any  particular  trade,  intended  to  be  so  con- 
trolled, that  it  was  ejusdem  c/eneris  with  the  trades  specified.  All 
these  trades,  it  will  be  noted,  deal  with  animal  matter ;  presumably, 
therefore,  varnish  making,  the  manufacture  of  chemicals,  etc.,  could 
not  be  regulated  in  this  way.  It  has  been  held  that  the  business  of  a 
bone  and  rag  merchant  {Passes  v.  Oxford  Local  Board)  could  be 
Hclieduled,  but  that  a  particular  case  of  brick  burnii^g  which  came 
before  the  courts  could  not. 

Dr.  Ballard  investigated  the  subject  of  effluvium  nuisances  in 
1876-78,  and  his  very  comprehensive  report  is  printed  in  the  Sixth, 
Seventh,  and  Eighth  I^eports  of  the  Medical  Officer  of  the  Local 
Government  Board.  He  found,  speaking  generally,  that  the  symptoms 
conmionly  attributable  to  the  inhalation  of  noxious  effluvia  of  the  kind 
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investigated  were,  loss  of  appetite,  headache,  and  digestive  distur])ance. 
These  symptoms  are  likely  to  be  particularly  marked  in  persons  in  a 
poor  state  of  health,  or  suffering  from  chronic  disease,  and  are 
naturally  of  more  serious  import  in  children,  and  in  old  and  feeble 
persons,  than  in  strong,  healthy  adults. 

Dr.  Ballard  classified  the  offensive  trades  investigated  under  the 
following  heads  : — 

(i)  The  keeping  of  animals ;  (ii)  the  slaughtering  of  animals  ;  (iii), 
(iv)  and  (v)  branches  of  industry  in  which  animal,  or  vegetable,  or 
mineral  substances  are  principally  dealt  with ;  and  (vi)  branches  of 
industry  in  which  substances  of  mixed  origin  are  manipulated.  In 
connection  with  the  keeping  of  animals  he  studied  the  source  of,  and 
means  of  minimising,  nuisance  arising  from  keeping  pigs,  cows,  horses, 
and  poultry.  With  regard  to  the  slaughtering  of  animals,  tlie 
businesses  of  a  knacker  and  a  butcher  were  especially  considered  ;  tlie 
term  knacker  meant  originally  "  saddler  " — it  is  generally  employed 
to  designate  a  person  whose  business  it  is  to  slaughter  horses  and  to 
utilise  the  skin,  flesh,  bones,  etc.  Thus,  on  a  knacker's  premises  a 
number  of  processes,  bone  boiling,  boiling  of  flesh  for  the  purposes  of 
making  cat's  meat,  fat  extracting,  etc.,  are  usually  carried  on.  In 
addition  to  the  ordinary  sources  of  nuisance  associated  witli  the 
keeping  of  animals,  effluvia  may  be  produced  in  connection  with  the 
slaughtering  of  horses  and  cattle,  from  want  of  care  in  regard  to  tlie 
conduct  of  the  special  processes  of  the  business,  and  from  the  retention 
on  the  premises  of  putrefiable  materials.  On  the  premises  of  knackers 
large  numbers  of  dead  horses  are  sometimes  allowed  to  accumulate, 
giving  rise  to  serious  nuisance.  In  this  business,  moreover,  smell  is 
likely  to  be  complained  of  in  connection  with  various  boiling  processes, 
unless  proper  means  for  consuming  the  noxious  vapours,  and  prevent- 
ing their  escape  into  the  outer  air,  are  adopted. 

Dr.  Ballard's  third  group  includes  a  number  of  important  noxious 
trades.  The  blood  drier  allows  blood  to  settle  with  a  view  to 
separating  the  serum  from  the  clot,  and  then  dries  the  former  in 
shallow  pans,  in  a  room  heated  to  about  120'  F.  Serum-albumen 
is  thus  produced,  while  the  discarded  clot  is  generally  used  for 
manure  making.  In  this  business  the  blood  manipulated  must  be 
comparatively  fresh.  The  blood  boiler  boils  blood,  usually  witli 
Admixture  of  conunon  sulphuric  acid,  and  then  dries  it,  and  in  tliese 
processes  an  extremely  sickening  smell  is  usually  produced.  Blood  is 
also  used  in  Turkey-red  dyeing  for  the  purpose  of  fixing  alizarin,  tho 
dye  employed,  on  the  cotton. 

The  bo7te  boiler  boils  bones  with  a  view  to  extracting  the  contaiiied 
fat  and  gelatine.    The  bones  after  boiling  are  dried,  and  the  lon<r 
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bones  are  used  for  handles  of  knives,  forks,  etc.,  while  the  other 
bones  are  generally  converted  into  manure.  It  is  a  common  practice 
in  this  trade  to  allow  large  heaps  of  bones  to  accumulate  in  what  is 
called  a  "  bone  hole,"  and  when  this  is  done  there  is  risk  of  the 
production  of  great  nuisance. 

The  tallow  melter  "  renders  "  butchers'  fat,  in  order  to  extract  the 
tallow,  the  residue  consisting  of  muscular  and  connective  tissue  is 
pressed,  in  hydraulic  presses,  to  form  the  "  greaves  "  which  were,  at 
one  time,  sold  as  dogs'  food,  but  are  nowadays,  as  a  rule,  merely  iit 
to  be  made  into  manure.  The  boiling  process  was  formerly  largely 
conducted  in  pans  heated  by  direct  fire  heat,  and  unless  these  pans 
were  constantly  stirred,  the  fat  was  likely  to  burn,  producing  a  very 
oifensive  odour ;  considerable  improvement  has  resulted  since  steam- 
jacketed  pans,  or  pans  in  which  the  fat  is  heated  by  free  steam,  have 
been  substituted  for  fire-heated  pans  ;  though  smell  is  produced,  even 
under  the  improved  conditions,  if  the  material  is  at  all  tainted,  as  it 
usually  is,  at  any  rate  in  warm  weather. 

The  fat  melter,  or  fat  extractor,  carries  on  a  business  similar  to  that 
just  described,  but  deals  with  fat  already  once  rendered ;  fat  extract- 
ing in  large  towns,  mainly  has  concern  with  the  utilisation  of  hotel 
and  restaurant  waste,  the  fat  contained  in  which  is  abstracted,  while 
the  residue  is  commonly  devoted  to  pig-feeding  purposes. 

The  glue  and  size  maker  boils  down  bones,  horns,  hoofs,  clippings 
of  skins,  and  the  like,  with  the  object  of  extracting  the  gelatine. 
The  liquid  glue  is  poured  out  into  shallow  pans  to  solidify,  and  then 
sliced  and  dried.  The  residue  left  in  the  pans  after  drawing  oflf  the 
glue,  is  termed  "  scutch  "  ;  it  is  used  in  making  manure. 

The  tripe  boiler  converts  the  first  stomach,  or  "  paunch,"  of  oxen 
or  sheep  into  "  tripes."  The  material  manipulated  in  this  business 
must  be  fresh,  hence  the  smell  which  results  is  merely  that  of 
cooking  on  a  large  scale,  and  the  effluvia  produced  are  not,  as  a 
rule,  so  offensive  as  in  the  other  trades  which  have  been  referred 
to.  The  tripe  boiler  often  also  prepares  cowheels  and  sheep's  trotters 
for  food,  and  he  occasionally  manufactures  neats-foot  oil.  Some- 
times waste  material  too  putrid  to  be  used  for  food  is  manipulated 
on  the  premises  upon  which  the  food  is  prepared,  with  a  view  to 
extracting  size  and  fat;  when  this  is  done,  tliere  is  great  liability 
to  the  production  of  nuisance. 

Soap  boiling  consists  in  boiling  together  tallow  and  alkali.  The 
neutral  fats  are  composed  of  a  combination  of  glycerine  with  fatty 
acids,  and  in  the  process  of  saponification  the  alkali  (soda  or  potasli, 
as  the  case  may  be)  replaces  the  glycerine,  forming  alkaline  stearates, 
palmitates  and  oleates  ;  in  other  words,  soap.    In  the  case  of  soft  soap 
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potash  is  used  as  the  Imse ;  in  that  of  hard  soap,  soda  is  employed. 
The  "lye,"  as  the  alkali  is  called,  is  run  into  the  boiling  pans  wliich 
contain  the  melted  fat,  and  the  soap  formed  is  caused  to  float, 
on  the  surface  of  the  liquor  in  the  pan,  by  the  addition  of  common 
salt,  soap  being  insoluble  in  strong  saline  solutions.  The  soa]) 
is  then  poured  into,  frames  in  which  it  sets,  and  it  is  after- 
wards cut,  by  means  of  wires,  into  bars  of  appropriate  size. 
This  trade  was  associated  with  the  production  of  serious  nuisance 
years  ago,  when  soap  makers  commonly  rendered  fat,  and  manu- 
factured the  alkali  which  they  used,  upon  the  soap-making  premises. 
At  the  present  time  the  altered  custom  of  the  trade  causes  the 
process  of  manufacture  to  be  comparatively  free  from  offence. 

Gut  scraping  is  a  particularly  offensive  business.  The  gut  scraper 
cleans  the  small  intestines  of  pigs  and  sheep,  and  the  gut,  after  soak- 
ing it  for  a  while  in  brine,  is  scraped  on  a  bench  with  wooden 
scrapers,  the  object  being  to  remove  the  contents  and  internal  lining, 
leaving  only  the  peritoneum  and  a  portion  of  the  muscular  wall 
behind.  The  gut  thus  prepared  is  either  cut  into  lengths  to  be  used 
for  sausage-casings,  or  if  the  scraped  gut  is  to  be  converted  into  cat- 
gut, lengths  of  it  are  sewn  together,  steeped  in  carbonate  of  sodium, 
spun  by  means  of  a  spinning  wheel,  and  then  bleached  by  exposure 
to  sulphurous  acid,  and  finally  dried. 

The  fellmonger  prepares  skins  for  the  leather  di*esser  ;  the  fresh 
sheep  skins  are  cleansed,  soaked  and  then  "  limed  "  on  the  internal 
surface ;  after  a  while  the  wool  can  readily  be  detached,  and  the  skin 
freed  from  wool  is  now  called  a  "  pelt."  The  pelts  are  soaked  in 
pits  containing  milk  of  lime,  and  are  then  ready  to  go  to  the  leather 
dresser,  who  subjects  them  to  the  processes  of  tanning  and  currying 
for  the  purpose  of  converting  them  into  leather. 

The  tanner  deals  with  raw  hides  fi'om  the  outset,  and  carries 
out  the  entire  series  of  operations  necessary  in  leather  making. 
It  is  thus  not  the  practice  to  subdivide  the  manufacturing  pro- 
cesses, in  the  case  of  liides,  as  is  usual  in  that  of  sheep  skins.  The 
hides  are  "  limed  "  and  subjected  to  the  process  of  unhairing,  tliey 
are  then  washed  and  "  fleshed,"  i.e.,  the  loose  tissues  on  the 
inner  surface  of  the  hide  are  removed  with  a  sharp  knife.  Tlie  liide 
is  now  "  rounded,"  and  becomes  what  is  known  as  a  "  butt."  Tlie 
butts  are  treated  with  "  puer,"  or  "grainers,"  the  former  material 
consisting  of  dogs'  dung,  and  the  latter  of  pigeons'  dung.  Tlie 
process  renders  the  leather  supple,  and  it  is  one  which  is  particularly 
likely  to  give  rise  to  offensive  odours.  Then  follows  what  is  called 
"  scudding,"  which  consists  in  removing  superfluous  water,  etc.,  and 
the  hides  are,  moreover,  in  some  instances  split.    The  next  process 
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consists  in  subjecting  the  butts  to  the  action  of  tanning  materials, 
bark,  etc.,  in  pits. 

In  all  these  trades  nuisance  is  likely  to  result,  from  the  storage  of 
offensive  substances,  unless  these  be  kept  under  proper  conditions 
(for  example,  in  suitably  covered  receptacles  of  non-absorbent  ma- 
terial), and  from  accumulations  of  dirt  and  filth,  splashings  on 
-svalls,  collection  of  pools  in  badly-paved  floors,  and  similar  causes. 
Nuisance  experienced  at  a  considerable  distance  from  the  premises 
mainly  results  from  failure  to  consume  the  offensive  vapours  pro- 
duced in  the  process  of  manufacture.  These  vapours  should  either 
be  condensed,  or  burnt  by  being  passed  through  a  furnace  fire. 

In  rig.  11  the  method  commonly  adopted  for  the  consumption 
of  offensive  effluvia  evolved  from  fat-melting  pans  is  indicated. 
A  similar  method  is  applicable  in  connection  with  many  of  the 
other  boiling  processes  which  have  been  referred  to.  The  draught 
in  the  chimney  draws  the  vapours  which  traverse  the  pipes  G  through 
the  ashpit  C  and  the  fire  B,  and  they  escape  to  the  flue  along  the 
channel  marked  H.  The  fire  is  thus  fed  by  air  sucked  through  the 
narrow  opening  beneath  the  hinged  portion  attached  to  the  lid  of  the 
pan  F,  and  this  air  carries  with  it  all  the  vapour  produced  in  the 
process  of  boiling,  so  that  the  offensive  gases  are  subjected  to  the 
heat  of  the  furnace  before  they  escape  through  the  chimney  into  the 
outer  air.    If  the  door  of  the  fireplace  D,  or  that  of  the  ashpit  E,  is 
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allowed  to  remain  open,  the  suction  of  the  vapours  from  the  boiling 
pans  is  of  course  interfered  with. 

A  certain  amount  of  vapour,  however,  is  sure  to  escape  into  the 
chamber  in  which  the  boiling  pans  are  fixed,  and  indeed  such 
escape  must  occur  in  connection  with  stoking  operations,  or  when 
the  lids  of  the  pans  are  thrown  open  for  the  purpose  of  ladling 
out  contained  materials.  It  is  a  common  practice,  therefore, 
to  convert  the  boiling  house  into  a  "  closed  chamber,"  and  to 
arrange  for  propelling  the  vapours  which  accumulate  in  it  by 
means  of  a  fan  or  fans  along  a  shaft,  thus  leading  them  to  a  point 
immediately  beneath  a  furnace,  in  which  they  are  consumed.  The 
vapours  from  bone  holes,  etc.,  may  be  similarly  treated.  Provision 
for  the  access  of  fresh  air  to  such  closed  chambers  must,  of  course,  be 
made  ;  sometimes  this  is  done  by  merely  leaving  a  space  at  the  lower 
part  of  one  of  the  doors,  but  under  such  circumstances,  what  is 
intended  to  be  an  inlet  is  apt  at  times  to  become  an  outlet,  and  far 
better  results  are  obtained  by  propelling  fresh  air  into  the  closed 
chamber  by  means  of  a  fan. 

The  various  sources  of  nuisance  Avliicli  have  been  referred  to 
require  to  be  borne  in  mind  in  connection  Avith  framing  codes  of 
by-laws.  The  Public  Health  (London)  Act,  1891,  gives  power,  it 
may  be  noted,  to  regulate  not  only  the  conduct  of  the  business, 
but  also  the  structure  of  the  premises  on  Avhich  the  business  is 
carried  on. 

Dr.  Ballard's  fourth  group  of  trades  includes  certain  industries  in- 
volving manipulation  of  material  of  vegetable  origin.  He  especially 
drew  attention  to  the  distillation  of  Avood,  in  Avhich  process  A-ery 
disagreeable  vapours  escape ;  and,  further,  to  the  manufacture  of 
oxalic  acid  by  treating  saAvdust  Avith  an  alkali  and  subsequently 
boiling  Avith  lime,  the  oxalate  formed  being  finally  decomposed 
with  sulphuric  acid,  as  irritating  fumes  are  produced  in  all 
these  processes.  In  paper  making,  the  boiling  of  esparto  grass 
Avith  alkali  yields  very  offensive  effluvia.  Again  the  process  of 
retting  flax,  which  consists  in  steeping  the  flax  plant  in  pits,  is  a 
.source  of  disagreeable  smell.  Other  trades  studied  by  Dr.  Ballard 
were  the  making  of  india-rubber,  of  floorcloth  and  linoleum,  tlie 
manufacture  of  oil  varnishes,  and  the  distillation  of  certain  A-egetable 
oils. 

It  remains  to  consider  the  industries  includec^  in  Dr.  Ballard's 
tAvo  remaining  groups.  Among  those  in  which  mineral  substances 
are  principally  dealt  Avith,  cement  making,  Avhich  lias  already 
been  referred  to,  is  a  process  Avhich  sometimes  causes  nuisance 
at   a   considerable   distance   from   the'  Avorks.     Brick  -  burning, 
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when  it  is  conducted  in  "clamps,"  and  particularly  if  dustbin 
refuse  is  used  in  making  the  bricks,  is  almost  always  a  source 
of  considerable  offence.  When  the  bricks  are  fired  in  close 
"  kilns,"  there  is  much  less  likelihood  of  nuisance  being  produced. 
In  the  salt  glazing  of  earthenware,  the  process  of  "salting" 
gives  rise  to  copious  white  vapours,  which  contain  hydrochloric 
acid  and  cause  much  annoyance  to  those  who  inhale  them.  In 
the  manufacture  of  gas  for  illuminating  purposes,  nuisance  some- 
times arises  in  connection  with  emptying  the  purifiers,  and  with 
disposing  of  accumulations  of  "  blue  billy,"  as  the  lime  which  has 
absorbed  carbonic  acid  and  sulphuretted  hydrogen  is  termed. 

The  final  group  of  trades  includes  general  chemical  works,  rag 
and  bone  collecting,  the  manipulation  of  the  refuse  of  towns,  and  the 
manufacture  of  manure.    Manure  making  is  a  comprehensive  term 
which  includes  many  kinds  of  industry.    "  Superphosphate  manure  " 
is  made  by  treating  ground  bones  with  sulphuric  acid.    The  vapours 
evolved  contain  arsenic,  small  quantities  of  antimony,  and  fluoride 
of  silicon;  the  manure  after  mixing  is  usually  placed  in  what  is 
called  the  "hot  den,"  in  which  it  is  allowed  to  remain  until  it 
cools.    "  Poudrette  "  is  a  manure  prepared  by  adding  sulphuric  acid 
to  night-soil.   Fish  manure  is  prepared  on  a  large  scale  in  the  neigh- 
bourhood of  large  towns,  from  fish  offal.    Blood,  "  scutch  "  from  glue 
works,  shoddy  waste,  sawdust  from  hair  manufactories,  and  many 
other  materials,  are  used  in  the  preparation  of  various  manures. 

Tnder  the  "  Alkali,  etc.,  Works  Regulation  Act,"  alkali  works  and 
allied  trades,  such  as  chemical  manure,  nitric  acid,  bleaching,  and  gas- 
liquor  works,  are  made  subject  to  special  regulations  and  to  inspection 
by  inspectors  appointed  by  the  Local  Government  Board.  The  Act 
provides  that  95  per  cent,  of  the  hydrochloric  acid  gas  given  off 
must  be  condensed,  and  that  not  more  than  one-fifth  of  a  grain  of 
hydrochloric  acid,  or  more  of  the  acid  gases  of  sulphur  and  nitrogen, 
than  the  equivalent  of  four  grains  of  SO,  per  cubic  foot  of  air,  gas 
or  smoke,  must  escape  into  the  atmosphere. 

The  air  of  mines  is  liable  to  possess  certain  special  characters  which 
may  be  here  referred  to.  In  deep  coal  mines  the  amount  of  carbon 
dioxide  may  exceed  two  parts  per  1,000;  the  air  is  usually,  more- 
over, almost  .saturated  with  moisture,  and  it  may  contain  excess  of 
organic  matter.  In  mines  in  which  gunpowder  or  explosives  are  used, 
special  products  of  combustion  are  also  likely  to  be  present.  The 
terms  "fire-damp"  and  "after-damp"  are  employed  by  miners, 
to  distinguish  gas  wliicli  is  liable  to  cause  explosion,  from 
the  gas  which  collects  after  an  explosion,  and  as  a  result  of  it. 
"  Black-damp,"  or  "choke-damp,"  wliich  in  the  main  consists  of 
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nitrogen,  with  about  one-seventh  of  its  volume  of  carbonic  acid,  is 
liable  to  occur  under  ordinary  conditions  and  apart  from  any 
explosion.  Haldane  has  shown  that  death  after  explosions  is,  as  a 
rule,  due  to  suffocation  caused  by  deficiency  of  oxygen  consequent 
upon  the  accumulation  of  after-damp. 

Effluvia  from  Putrefying  Organic  Matter.— Emanations 

of  the  sort  now  in  question  Jiave  already  been  incidentally  referred 
to,  but  it  remains  to  make  particular  mention  of  certain  special 
cases.  Decomposing  sewage  is  one  of  these.  In  ill-ventilated  and 
badly  laid  sewers  cases  of  death  from  time  to  time  occur;  thev 
are  due  as  a  rule  either  to  inhalation  of  sulphuretted  hydrogen,  or 
to  the  presence  of  excess  of  carbon  dioxide  or  other  gases,  witJi 
corresponding  diminution  of  the  amount  of  oxygen.  In  connection 
with  cleansing  old  privies  and  cesspools,  acute  symptoms  have  been 
produced  in  persons  exposed  to  the  efflu\-ia  evolved.  Such  ca.ses 
are  fortunately,  however,  quite  exceptional,  and  the  main  question 
to  be  considered  with  regard  to  sewage  emanations  is  their  effect 
upon  health,  when  inhaled  in  a  less  concentrated  form  than  has 
sufficed  in  the  rare  instances  above  mentioned  to  produce  acute 
poisoning;  further,  there  is  the  possibility  of  the  transmission  of 
particular  forms  of  infectious  disease  b}^  sewer  gas. 

The  composition  of  the  air  of  sewers  has  been  investigated  on 
numerous  occasions,  and  it  has  been  generally  found,  in  tlie 
case  of  fairly  well  constructed  main  sewers,  that  carbonic  acid 
is  not  greatly  in  excess,  and  tliat  there  are  the  merest  traces  of 
sulphuretted  hydrogen  and  of  offensive  organic  matter.  The  air  of 
main  sewers  does  not,  therefore,  as  a  rule,  show  very  marked  dif- 
ference in  chemical  composition  from  the  ordinary  atmospliere  ;  but, 
of  course,  a  great  deal  depends  upon  the  construction,  and  condition  as 
regards  ventilation,  of  the  particular  sewer  in  question.  Again,  tJic 
state  of  the  air  in  a  large  sewer  cannot  be  regarded  as  indicating  the 
chemical  composition  of  the  air  in  all  the  drains  connected  -svith  it. 
Inquiries  as  to  the  health  of  workers  in  sewers  have  led  to  the 
general  conclusion  that  these  men  are  not  particularly  unhealtliy, 
but  such  .investigations  Jiave  never  been  can-ied  out  on  a  very 
comprehensive  scale. 

The  micro-organisms  of  sewer  air  Imve  also  been  made  tlie  sub- 
ject of  study,  and  it  lias  been  shown  tliat  tlie  total  number  of 
germs  present  is  not  specially  great,  and  that  as  regards  tlieir 
character,  they  appear  to  correspond  mucli  more  closely  with  forms 
occurring  in  the  atmo.sphere  in  the  neighbourhood  of  the  sewer,  than 
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Avitli  varieties  present  in  the  sewage  itself.  Tliere  seems  to  be  no 
question,  however,  that  persons  who  are  habitually  subjected  to  the 
influence  of  air  from  drains  and  sewers,  which  has  obtained  access 
to  houses,  are  liable  to  suffer  from  headache,  febrile  disturbance, 
aniemia,  and  a  tendency  to  the  development  of  sore  throat. 
Puerperal  fever  has,  in  numerous  instances,  been  found  to  occur  in 
connection  vnth  faulty  drains,  and  erysipelas  and  hospital  gangrene 
are,  at  any  rate,  likely  to  be  aggravated  in  severity  should  they 
develop  under  like  conditions.  Diarrhoea  has  also  been  attributed, 
from  time  to  time,  to  drainage  defects. 

Two  diseases  must  bs  especially  considered  in  relation  to  drain 
emanations.  Enteric  fever  has  been  repeatedly  ascribed  to  this 
cause,  but  the  evidence  adduced  is  not  altogether  conclusive,  and 
for  the  most  part,  the  supposed  causal  relationship  was  noted  years 
ago,  before  certain  other  possible  means  of  spread  of  the  malady 
had  become  well  recognised.  Against  such  an  hypothesis  it  has 
been  urged  that  enteric  fever  is  not  common  among  men  who 
work  in  sewers,  and  sewage  does  not  appear  to  be  a  parti- 
cularly favourable  medium  for  the  growth  of  the  enteric  fever 
bacillus.  Again,  there  has  clearly  been  misconception  as  to  the 
likelihood  of  this  organism  gaining  access  to  sewer  air.  Recent 
experiments,  however,  made  by  Alessi  show  that  animals  ex- 
posed to  drain  air  appear  to  acquire  a  predisposition  to  suffer 
from  the  specific  infection.  Thus,  of  forty-nine  rats  which  Avere 
inoculated  with  the  enteric  fever  bacillus,  and  made  to  inhale 
sewer  air,  thirty-seven  died  with  symptoms  described  as  being 
chai-acteristic ;  while  of  foi-ty-one  rats  similarly  inoculated,  but  not 
exposed  to  sewer  air,  only  three  died.  Dijyhtheria  is  another 
disease  which  has  been  repeatedly  attributed .  to  drainage  effluvia. 
Here  again  the  evidence  is  inconclusive ;  wliile  it  seems  to  be  clear 
that  sore  throat  may  result  from  such  exposure,  and  that  under 
like  circumstances  a  person  may  be  rendered  more  liable  to  con- 
tract diphtheria,  it  does  not  appear  to  be  proved  that  drainage 
emanations  are  commonly  concerned  in  transmitting  the  diphtheria 
Ijacillus. 

Accumulations  of  fsecal  matter  have  been  held  accountable  for 
the  production  of  disease.  One  of  the  most  striking  cases  in  point 
is  that  of  an  outbreak  of  dysenteiy  in  an  asylum,  which  was  attri- 
buted to  the  effluvia  from  sewage  matter  spread  over  the  soil.  On 
tlie  other  hand,  experience  of  well-managed  sewage  farms,  so  far  as 
the  matter  has  been  made  the  subject  of  inquiry,  seems  to  negative 
the  view  that  serious  risk  to  liealth  is  incurred  by  living  in  their 
neighbourhood.    Emanations  from  polluted  streams  have  apparently 
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produced  illness  in  some  instances,  an  often  qiroted  example  of  this 
being  that  afforded  when  the  Royal  Commissioners  on  Metropolitan 
Sewage  Discharge  made  a  tour  of  inspection  of  the  Thames  immedi- 
ately below  London,  in  1884. 

The  air  of  graveyards  has  also  been  held  to  menace  the  health  of 
people  residing  in  the  near  neighbourhood.  The  overcrowded  grave- 
yards situated  in  close  proximity  to  houses,  which  were  in  common 
use  fifty  years  ago,  probably  influenced  prejudicially  the  health  of  per- 
sons living  near  them ;  cholera,  in  1849,  was,  it  is  said,  found  to  be 
specially  prevalent  in  the  neighbourhood  of  graveyards,  but  there  is 
no  evidence  that  injurious  eff'ects  are  produced  under  the  conditioTis 
which  now  ordinarily  exist.  Exposure  to  concentrated  effluvia  in 
connection  with  exhumations  has,  in  some  instances,  been  followed 
by  diarrhoea  and  vomiting,  and  ill  effects  undoubtedly  result  in  con- 
sequence of  inhaling  air,  grossly  contaminated  by  products  of  de- 
composition from  the  bodies  of  men  and  horses,  on  battlefields. 

Vitiation  of  Air  by  Combustion. — The  burning  of  coal  for 

heating  or  manufacturing  purposes  is  an  important  source  of  atmo- 
spheric impurity.  It  has  been  estimated  that  each  ton  of  coal  burnt 
represents  nearly  three  tons  of  carbonic  acid  added  to  the  atmo- 
sphere. Carbon  monoxide  is  also  produced  in  considerable  though 
very  varying  amounts,  according  to  the  degree  of  completeness  of 
oxidation  of  the  carbon  of  the  coal.  In  addition  to  these  gases,  the 
burning  of  coal  contributes  to  the  atmosphere  aqueous  vapour, 
sulphur  compounds,  soot  and  organic  matter. 

The  quantity  of  sulphur  compounds  yielded  largely  depends  upon 
the  character  of  the  coal  used.  The  sulphur  existing,  in  one  or 
another  form,  in  ordinary  coal,  varies  from  less  than  1  per  cent,  to 
more  than  5  per  cent.  It  becomes  converted,  on  burning,  into  sul- 
phurous and  sulphuric  acids,  carbon  bisulphide,  ammonium  sulphide, 
and,  exceptionally,  into  sulphuretted  hydrogen;  while  a  certain 
amount  of  free  sulphur  may  escape.  The  presence  of  sulphur 
compounds  appreciably  contributes  to  the  pollution  of  the  atmo- 
sphere of  districts  in  which  much  coal  is  burnt. 

The  particles  of  unconsumed  carbon  given  off  from  numerous 
chimneys,  interfere,  more  or  less,  at  all  times,  with  the  comfort  of 
dwellers  in  towns,  but  they  make  their  presence  especially  felt  under 
circumstances  in  which  there  is  little  movement  of  air,  while  coin- 
cidently  the  atmosphere  becomes  misty  from  excess  of  moisture,  a 
condition  of  things  which  is,  of  course,  especially  likely  to  be 
developed  during  fair  weather  with  low  temperatures.  "When  these 
factors  coexist,  the  droplets  of  moisture,  as  they  condense,  t^nd  to 
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attach  themselves  to  the  floating  particles  of  carbon,  and  there 
results  an  opaque  medium  which  shuts  out  the  light  of  the  sun; 
in  fact,  what  is  known,  from  the  place  of  its  typical  development,  as 
a  London  fog.  In  such  an  atmosphere  sulphurous  acid  often 
makes  its  existence  distinctly  felt,  producing  irritation  of  the 
conjunctiva,  and  of  the  mucous  membrane  of  the  lungs.  In  the 
continued  absence  of  wind,  and  in  the  presence  of  the  other  favour- 
ing atmospheric  conditions,  such  fogs  may  last  for  days,  and, 
under  these  circumstances,  the  death-rate,  more  particularly  from 
diseases  of  the  organs  of  respiration,  is  usually  materially  affected. 
In  the  burning  of  wood,  a  far.  smaller  amount  of  sulphur  com- 
pounds is  produced  than  in  the  combustion  of  coal.  Charcoal  fires 
5deld,  however,  considerable  quantities  of  carbon  monoxide. 

Smoke  production  in  manufacturing  districts  can  be  largely  con- 
trolled by  regulation  of  stoking  operations  in  factory  furnaces.  The 
addition  of  coal  in  small  quantities  at  short  intervals  and  the  use  of 
mechanical  stokers  tend  to  obviate  the  production  of  dense  black 
smoke.  In  some  appliances  the  object  aimed  at  is  to  spread  the  fuel 
evenly  over  the  fire ;  in  others,  the  fresh  fuel  is  heated  before  being 
gradually  delivered  to  the  fire  bars,  and  the  smoke  arising  from  the 
newly  added  material  has  to  pass  the  hottest  part  of  the  fire  before 
it  escapes  to  the  flue.  The  use  of  forced  draught  is  also  an  im- 
portant means  of  promoting  smoke  consumption,  by  rendering 
combustion  more  complete.  Excellent  results  are  obtained  by 
employing  the  steam  blast.  When  the  chimneys  of  private  houses 
constitute  the  main  source  of  smoke  production,  as  is  the  case  in 
many  large  centres  of  population,  the  difficulty  of  deaHng  with 
the  evil  is  far  greater  than  when  there  are  a  limited  number  of 
sources  of  pollution  which,  none  the  less,  by  their  magnitude, 
make  up  a  considerable  sum  total  of  offence. 

Impurity  is  largely  contributed  to  the  air  by  artificial  lights. 
Coal  gas  is  produced  by  the  destructive  distillation  of  coal,  in 
retorts,  in  the  absence  of  air.  The  residue  is  called  coke ;  the 
volatiUsed  products  are  collected  and  passed  through  condensers  in 
which  the  tarry  matters,  and  some  of  the  ammonia,  are  deposited 
on  cooling,  then  through  scrubbers,  in  which  the  products  are 
thoroughly  exposed  to  the  action  of  water,  and  ultimately  into 
purifiers,  containing  lime  and  oxide  of  iron,  for  the  purpose  of 
removing  sulphur  compounds  and  carbonic  acid.  The  gas  so  pro- 
duced contains  about  50  per  cent,  of  hydrogen,  some  33  to  36 
per  cent,  of  marsh  gas,  6  to  7  per  cent,  of  carbon  monoxide, 
about  6  per  cent,  of  olefiant  gas  and  other  illuminants,  a  little 
nitrogen,  and  traces  of  sulphur  compounds.    The  Metropolitan  Gas 
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Referees  prescribe  that  no  sulphuretted  hydrogen  shall  be  present, 
and  that  the  maximum  of  sulphur  compounds,  other  than  HLS, 
shall  not  be  such  as  to  yield  more  than  17  grains— in  winter  22 
grains — of  sulphur  per  100  cubic  feet  of  gas,  on  an  average  of 
three  days.  The  permissible  amount  of  ammonia  is  4  grains  per 
100  cubic  feet. 

The  gases  to  which  the  illuminating  properties  of  coal  gas  are 
principally  due  are  olefiant  gas,  and  other  non-saturated  hydro- 
carbons. The  main  volume  of  gases  is  constituted  by  what  are  termed 
diluents,  while  nitrogen,  carbonic  acid,  and  the  sulphur  compounds 
are  spoken  of  as  impurities.  When  gas  is  burnt,  the  hydrogen 
and  hydrocarbons  are  consumed,  and  the  main  impurities  added 
to  the  atmosphere  are  carbonic  acid  and  water  vapour  ;  there  are, 
moreover,  traces  of  sulphurous  acid  and  ammonia,  and,  if  the  com- 
bustion is  not  perfect,  appreciable  amounts  of  carbon  monoxide. 

Escape  of  gas  within  dwelling-houses,  apart  from  risk  of  explosion, 
is  attended  by  danger,  by  reason,  mainly,  of  the  contained  carbon 
monoxide,  though  it  has  been  suggested  by  Corfield  that  cases  of 
relaxed  sore  throat,  observed  in  association  with  slight  escapes  of 
coal  gas  from  defective  fittings,  are  attributable  to  sulphur  com- 
pounds contained  in  the  gas.  The  main  impurities  which  have  to  be 
reckoned  with  when  gas  is  burnt  in  rooms,  under  ordinary  condi- 
tions, are  carbonic  acid  and  aqueous  vapour,  the  amount  of  carbon 
monoxide  being  insignificant  with  fairly  perfect  combustion,  and 
the  quantity  of  sulphurous  acid  very  minute. 

The  illuminating  power  of  gas  is  gauged  by  comparison  with  the 
lighting  capacity  of  a  sperm  candle  burning  120  grains  per  hour.  An 
ordinary  bat's- wing  burner,  of  16  candle  power,  consumes  5^  cubic 
feet  of  gas  per  hour,  and  has  been  estimated  to  produce,  in  that  time, 
2-8  cubic  feet  of  CO2,  and  7-3  cubic  feet  of  moisture,  thus  rendering 
the  air  impure  to  about  the  extent  to  which  it  would  be  -vitiated  by 
the  processes  of  respiration  of  five  adults.    With  improved  forms 
of  burners,  and  notably  with  the  Welsbach  burner,  in  wliich  incan- 
descence is  produced  by  placing  a  mantle  composed  of  a  network  of 
certain  oxides  over  an  ordinary  Bunsen  flame,  it  is  possible,  while 
reducing  the  quantity  of  gas  consumed,  and  the  amount  of  im])urity 
added   by  the   combustion  processes,  to  materially  increase  tlie 
lighting  effect. 

An  ordinary  sperm  candle  of  "  one  candle  power  "  yields,  on  com- 
plete combustion  of  its  120  grains,  about  -4  cubic  foot  of  carbonic 
acid,  and  nearly  the  same  amount  of  water.  In  the  case  of  oil  lamps 
burning  paraffin,  the  quantity  of  oil  used  per  candle  poAver  ranges 
from  about  62  grains  per  hour  upwards,  according  to  the  class  of 
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lamp  employed,  with  production  of  about  -28  cubic  foot  of  carbonic 
^icid,  and  -22  cubic  foot  of  aqueous  vapour,  these  amounts  being 
proportionately  increased,  in  the  poorer  sorts  of  lamps,  according  to 
the  quantity  of  oil  consumed.    From  the  data  given  above,  it  may  be 
calculated  that  to  produce  a  16  candle  pqwer  light,  \  lb.  of  sperm 
-candles  (equivalent  to  rather  less  than  ^  lb.  of  ordinary  tallow  candles), 
rather  more  than  2  oz.  of  paraffin,  or  o.i-  cubic  feet  of  gas,  must  be 
^ronsumed  per  hour;  the  amounts  of  COo  produced  would  be  6-4 
(about  7-3  in  the  case  of  tallow  candles),  4-5  and  2-8  cubic  feet 
respectively ;  the  vitiation  of  air  would  correspond  to  that  caused  by 
11  or  12  adults  in  the  case  of  sperm  and  tallow  candles,  7|  adults 
in  the  case  of  paraffin,  and  5  adults  in  the  case  of  gas.    In  the  com- 
bustion of  candles  and  oil  no  sulphur  compounds  are  produced ;  oil 
lamps  yield,  however,  an  appreciable  amount  of  organic  matter  to 
the  air  of  the  room  in  which  they  are  used. 

By  employment  of  the  electric  incandescent  light  the  addition  of 
impurity  is  altogether  obviated,  and  no  oxygen  is  abstracted  from 
the  atmosphere ;  the  heating  effect  with  this  form  of  light  is  only 

about  —  th  of  that  produced  for  equal  degrees  of  illumination  with 
30 

candles,  oil,  or  gas.  This  variety  of  artificial  light  is  obviously  far 
superior  to  other  forms,  from  the  points  of  view  both  of  preventing 
contamination  of  the  atmosphere,  and  of  minimising  the  discomfort 
arising  from  the  heat  and  impurity  generated.  The  electric  arc 
light  is  said  to  cause  addition  of  a  small  amount  of  nitric  acid. 

The  injuries  to  health  likely  to  result  from  impurities  com- 
municated to  the  air  by  processes  of  combustion  may  be  sum- 
marised  as  follows: — The  irritating   effects  produced   upon  the 
respiratory  mucous  membrane  by  inhalation  of  sooty  particles,  and 
by  sulphurous  acid,  have  to  be  considered ;  these  effects  are  clearly 
manifested  in  connection  with  fogs,  but  that  they  are  ever  potent  for 
mischief,  in  crowded  localities,  is  made  clear  by  the  fact  that  persons 
with  certain  forms  of  chronic  lung  disease  usually  find  their  symptoms 
;aggravated  in  town  atmospheres.    Other  ill  effects  produced  by  air 
•contaminated  by  the  gases  evolved  in  processes  of  combustion,  are 
tlie  headache,  lassitude,  and  ansemia,  which  affect  those  wlio  habitually 
breathe  such  air  ;  these  symptoms  are  equally  produced  by  breathing 
air  vitiated  by  respiration,  and  the  impurities  j-ielded  in  the  two 
■cases  are,  to  some  extent,  identical. 

Vitiation  of  Air  by  Respiration. — It  lias  been  already 

seen  in  what  respects  expired  air  differs  in  composition  from  the 
■ordinary  atmosphere.     In  ordinary  quiet  respiration,  some  22  cubic 
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inches  of  air,  containing  4*4  per  cent,  of  COj,  are  exhaled  eigliteen 
times,  or  thereabouts,  per  minute.  This  would  yield  "6  cubic  foot  per 
hour.  Much  depends  upon  the  size  and  activity  of  the  individual, 
but  the  amount  given  is  usually  taken  as  indicating  the  quantity 
contributed  to  the  atmosphere  per  hour  by  the  average  unit  of 
population. 

Now,  the  atmosphere  normally  contains  '4  part  of  carbonic  acid 
in  1,000  parts.  If,  therefore,  the  average  individual  breathed  into  a 
space  containing  only  1,000  cubic  feet  of  fresh  air,  the  amount  of 
CO-i  present  would,  at  the  end  of  an  hour,  be  "4  +  -6  cubic  foot, 
i.''.,  -1  per  cent.  If  he  breathed  into  a  space  containing  2,000  cubic 
feet,  the  amount  Avould  be  '4  +  "3  cubic  foot  in  each  1,000  cubic 
feet,  or  -07  per  cent. ;  and  if  the  space  contained  3,000  cubic  feet,, 
the  amount  would  be  '4  +  -2  cubic  foot  in  each  1,000  cubic  feet,  or 
•06  per  cent.  The  amount  of  CO2  over  and  above  that  present  under 
normal  conditions  in  the  atmosphere,  is  spoken  of  as  the  "  respiratory 
impurity,"  and  this,  in  the  three  cases  just  mentioned,  is  seen  to  be 
•06  per  cent.,  -03  per  cent.,  and  -02  per  cent,  i-espectively.  It  was 
found  by  De  Chaumont  that  if  the  respiratory  impurity  in  a  room 
was  allowed  to  exceed  -02  per  cent.,  a  person  entex-ing  the  room,  from 
the  outside  air,  was  able  to  detect  by  the  sense  of  smell  that  the  air 
of  the  room  was  of  different  quality  from  that  outside.  He  therefore 
fixed  the  amount  ^02  per  cent,  as  that  of  the  "  permissible  respiratory 
impurity."  To  secure  this  amount  not  being  exceeded,  it  is  nece.ssary 
to  supply  3,000  cubic  feet  of  air  per  head  per  hour,  and  as,  in  this 
country,  the  air  of  a  room  can,  with  ordinary  means  of  ventilation, 
be  renewed  about  three  times  an  hour  without  producing  draught, 
compliance  Avith  the  standard  indicated  implies  the  provision  of  1,000 
cubic  feet  of  air  space  per  head. 

De  Chaumont  made  a  number  of  analyses  of  the  air  of  sleep- 
ing-rooms in  barracks,  in  which  600  cubic  feet  of  space  per  head 
was  provided,  and  with  various  degrees  of  efficiency  of  ventilation, 
and  found  the  largest  amounts  of  CO^  recorded  varied  between 
•1  and  -2  per  cent. ;  with  twice,  or  more  than  twice  as  much  cubic 
space,  in  hospitals,  he  found,  as  a  rule,  proportionately  improved 
conditions ;  in  a  number  of  prisons,  the  circumstances  of  which  he 
investigated,  the  results  were  far  worse,  the  amount  of  CO.  recorded 
reaching,  in  one  instance,  "34  per  cent. 

More  recent  observations  show  that  in  crowded  school  rooms  and 
assembly  rooms,  and  in  badly  ventilated  and  crowded  dweUing 
rooms,  the  amount  of  CO.^  not  infrequently  exceeds  -3  per  cent.  That 
duch  considerable  quantities  of  CO.  should  be  found  is  not  surprising, 
bavin"  in  view  the  limited  amount  of  cubic  space  per  head  provided 


AIK. 


85 


in  such  places.  In  infant  schools  the  standard  recognised  by  the 
Education  Department  is  only  80  cubic  feet  of  space  ;  in  many  schools 
for  older  children  not  more  than  120  to  130  cubic  feet  of  space  per 
child  is  provided.  In  the  dormitories  of  workhouses  300  cubic  feet 
per  head  has  been  prescribed  ;  this  amount  is  that  usually  required  in 
registered  common  lodging  houses,  and  is  also  that  generally  speci- 
fied for  adults  in  rooms  used  exclusively  for  sleeping  purposes,  in  by- 
laws regulating  cubic  space  provision  in  tenement  houses.  In 
barracks,  600  cubic  feet  is  the  minimum  quantity  of  space  allowed, 
and  850  cubic  feet  and  upwards  are  required  by  the  Local  Govern- 
ment Board  in  Poor  Law  Infirmaries.  With  none  of  these  amounts 
is  it  practicable,  under  ordinary  conditions,  to  keep  the  percentage 
of  CO2  within  De  Chaumont's  limit. 

Carnelley,  Haldane  and  Anderson  were  led,  as  the  result  of 
tlieir  experiments,  to  conclude  that  in  no  case  should  the  quan- 
tity of  CO.  exceed  1  per  1,000  in  dwellings,  or  1-3  per  1,000 
in  schools;  that  not  more  than  two  volumes  of  oxygen  should  be 
required  for  oxidation  per  million  volumes  of  air  ;  and  that  the 
micro-oi'ganisms  should  not  exceed  560  per  cubic  foot  of  air.  These 
standards  are  considerably  lower  than  De  Chaumont's,  and  would 
allow  of  a  permissible  respiratory  impurity  of  '6  in  dwellings,  and  "9 
in  schools,  as  against  De  Chaumont's  -2  per  1,000.  They  imply  the 
proAnision  of  only  1,000  cubic  feet  of  fresh  air  per  person  per  hour  in 
dwellings,  and  only  560  cubic  feet  in  schools.  It  remains  to  be 
seen  how  far  it  will  be  possible  to  prevent  ill  effects  resulting  in 
cases  in  which  these  lowered  standards  are  adopted. 

Some  animals  contribute  more  CO.,  to  the  atmosphere  than 
human  beings,  and  it  might  perhaps  be  anticipated  that  in  crowded 
stables  and  cow-sheds  the  worst  results,  as  regards  carbonic  acid, 
would  be  recorded.  Oxen  and  horses  give  ofi"  about  three  times 
as  much  CO2  as  a  man  does,  and,  in  many  cases,  no  more  than 
600  to  800  cubic  feet  per  animal  are  provided,  hence  the  extent 
to  which  CO-i  might  be  expected  to  accumulate  is  considerable. 
Carbonic  acid  determinations  for  stables  require,  liowever,  to  be 
carried  out  witli  due  correction  for  the  amount  of  anmionia  present, 
otherwise  a  less  degi'ee  of  pollution  may  be  estimated  than  tliat 
which  really  exists,  and  in  practice  this  source  of  error  does  not  as 
a  rule  appear  to  have  been  allowed  for. 

The  production  of  CO.,  and  absorption  of  oxygen  in  animal  respira- 
tion, is  compensated  for  by  the  fact  that  vegetable  tissues,  and 
particularly  green  leaves  exposed  to  sunlight,  take  up  carbonic  acid 
from  the  air,  assimilating  the  carbon,  and  giving  ofi"  oxygen.  Tlius 
the  tendency  to  accumulation  of  CO.^  and  diminution  in  amount  of 
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oxygen  which  results  from  the  existence  of  one  form  of  life,  is  cor- 
rected by  the  carrying  on  of  processes  of  an  opposed  character  by 
other  living  tissues. 

The  quantity  of  Avater  given  off  from  the  lungs  of  an  individual 
in  twenty-four  hours  amounts  roughly  to  some  10  ozs.,  and  about 
twice  this  quantity  is  given  off  by  the  skin.  The  increased  tem- 
perature and  excessive  amount  of  moisture,  in  air  \-itiated  by 
respiration,  are  factors  which  are  largely  responsible  for  the 
feeling  of  discomfort  experienced  in  crowded  rooms.  Tlie 
removal  of  heat  from  the  body  is  materially  interfered  with 
under  conditions  of  the  kind  in  question,  and  an  atmosphere 
polluted  by  respiration  is  likely  to  prove  oppressive  from  this  cause 
alone.  The  organic  matter  of  the  air  of  much-occupied  rooms  has  a 
peculiarly  unpleasant  odour  ;  this  smell  is,  possibly,  more  largely 
attributable  to  emanations  from  the  skin  than  to  products  derived 
from  the  lungs.  If  expired  air  be  passed  through  water,  the  liquid 
takes  up  an  appreciable  amount  of  the  organic  matter  exlialed. 
The  characteristic  properties  exhibited  by  the  material  absorbed  by 
the  Avater  are — that  it  is  precipitated  by  argentic  nitrate,  blackened 
on  ignition,  yields  ammonia  on  distillation,  and  reduces  alkaline 
solution  of  potassium  permanganate.  The  organic  matter  is  supposed, 
in  the  condition  in  which  it  is  exhaled,  to  be  in  combination  with 
water,  inasmuch  as  hygroscopic  substances — wool,  blotting  paper,  and 
the  like,  which  take  up  Avater  A\dth  facility— possess  the  property  of 
readily  absorbing  it.  To  a  certain  extent  the  amount  of  organic 
matter,  added  to  air  vitiated  by  respiration,  is  found  to  vary  with 
the  excess  of  CO,  above  the  normal  quantity;  but  its  increase  is 
less  marked  than  that  observed  in  the  number  of  bacteria  in  the 
air  of  crowded  dwelling  rooms.  One  reason  why  the  excess  of  organic 
matter  does  not  more  closely  correspond  Avith  the  increase  of  CO, 
is,  no  doubt,  the  fact  that  the  organic  matter  does  not  readily  diffuse, 
but  tends  to  hang,  as  it  Avere,  in  clouds  about  a  room,  and  also  to 
attach  itself  to  damp  objects.  The  relation  between  organic  matter 
and  CO2  is  found  to  ]5e  more  close  than  that  betAveen  the  CO^  and 
the  number  of  bacteria  present. 

Many  attempts  haA-e  been  made  to  isolate  from  the  expired 
organic  matter  the  specially  harmful  substance  Avhiclv  it  has  been 
supposed  to  contain.  Animals  have  been  injected  Avith  the  liquid 
condensed  from  air  vitiated  by  respiration,  and  the  symptoms 
thus  produced  have  been  attributed  to  the  hj'pothetical  organic 
poisonous  substance.  Similar  experiments  liave,  however,  been  eon- 
ducted  Avithout  any  symptoms  being  observed.  Again,  animals  have 
been  placed  in  receivers  from  Avhich  the  CO.,  exhaled  has  been 
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removed,  as  fast  as  it  was  breathed  into  the  atmosphere  of  the 
receiver,  while  oxygen  to  replace  the  oxygen  consumed  has  been 
regularly  supplied.  None  the  less  the  animals  have  died,  and  this 
kind  of  experiment  was  long  regarded  as  conclusive.  It  has,  on  the 
other  hand,  been  shown  that  animals,  compelled  to  breathe  air  which 
has  percolated  through  liquid  obtained  by  condensing  the  vapour  of 
expired  air,  suffer  no  ill  effects. 

Experiments  made  a  few  years  ago  by  Haldane  and  Smith,  with  a 
A-iew  to  clearing  up  this  much-disputed  question,  led  them  to  the 
conclusion  that  no  special  organic  poison  was  accountable  for  the 
symptoms  produced  by  breathing  air  vitiated  by  respiration,  that  the 
headache  was  due  merely  to  excess  of  CO.,,  and  that  hyperpnoea 
resulted  when  the  amount  of  that  gas  present  was  as  considerable  as 
3  or  4  per  cent.    The  cases  of  well  sinkers  and  of  workers  in  soda- 
water  manufactories,  have  been  quoted  as  evidence  that  an  atmo- 
sphere containing  considerable  quantities  of  CO2  can  be  breathed 
without  inconvenience ;  as  regards  the  former,  however,  exact  deter- 
mination of  the  CO,  present,  in  the  wells,  does  not  appear  to  have 
been  made  ;  with  respect  to  the  latter,  the  amount  of  CO^  in  the  air 
of  the  work  rooms  in  question  does  not  seem  to  substantially  exceed 
that  credited  with  being  likely  to  produce  only  slight  symptoms. 
Moreover,  excess  of  moisture,  raised  temperature,  and  the  accom- 
panying smell  of  vitiated  air,  were  presumably  not  associated  in 
these  instances  with  increased  amount  of  CO2  as  would  have  been 
the  case  in  the  air  of  crowded  living  rooms.     These  last  named 
conditions  must  be  regarded  as  factors  likely  to  aggravate  the 
ill  effects  of  breathing  air  charged  with  excess  of  CO,. 

It  appears  to  be  undoubted  that  when  the  CO,  reaches  5  or  10 
per  cent,  fatal  results  may  be  produced,  and,  this  being  the  case, 
prolonged  breathing  of  air  containing  much  smaller  quantities  is 
clearly  likely  to  cause  serious  discomfort.    In  catastrophes,  such  as 
that  of  the  Black  Hole  of  Calcutta,  or  that  which  befell  the  steerage 
passengers  of  the  Londonderry,  who  were  shut  down  in  the  cabin,  in 
1848,  during  a  storm,  the  victims  were  apparently  packed  almost  as 
closely  as  standing  room  would  permit.    The  symptoms  in  these 
cases  are  said  not  to  have  been  those  of  simple  aspliyxia,  inasmuch 
as  among  persons  recovering  from  the  immediate  ill  effects,  fever, 
accompanied  by  evidence  of  affected  nutrition,  was  observed.  In 
instances  in  which  less  extreme  crowding  occurs,  but  in  which  vitiated 
air  is  breathed  for  some  time,  headache,  a  sense  of  oppression  and 
discomfort,  slowing  of  the  heart's  action,  quickening  of  respiration, 
and  in  some  cases  nausea  are  apt  to  supervene.    If  the  exposure  to 
the  polluted  atmosphere  be  habitual,  aniemia,  loss  of  appetite,  im- 
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painneiit  of  nutrition,  and  pulmonary  disease,  particularly  phthisis, 
may  possibly  be  developed. 

In  such  cases  the  question  of  the  influence  of  the  vitiated  aii-  is 
complicated  by  the  fact  that  other  causes  likely  to  aggravate,  if  not 
to  produce,  the  observed  effects  are  often  coincidently  at  work.  Thus 
persons  who  breathe  day  after  day  polluted  atmospheres  such  as  those 
now  in  question,  are  usually  engaged  in  sedentary  employment,  and 
often  work  long  hours  and  inhale  not  only  the  products  of  respiration, 
but  also  products  of  combustion  (their  work  frequently  necessitating 
the  use  of  artificial  light),  and  in  addition,  it  may  be,  certain  dusts  or 
vapours  evolved  in  connection  with  the  particular  Avork  upon  which 
they  are  engaged.  As  to  the  dependence  of  the  symptoms  exhibited, 
in  large  part,  upon  the  inhalation  of  impurity  produced  in  the  process 
of  respiration,  there  can,  however,  be  no  question.  The  evidence, 
for  example,  of  the  relation  of  phthisis  to  the  breathing  of  the  air  of 
crowded  rooms  is  of  quite  unmistakable  import. 

Observations  in  Dundee  made  by  Carnelley,  Haldane,  and 
Anderson,  show  that  phthisis  tends  to  prevail  where  overcrowding 
exists,  and  somewhat  similar  results  have  been  recorded  with  refer- 
ence to  crowding  of  population  upon  area  in  various  parts  of  London 
and  other  large  cities.  Again,  the  excessive  incidence  of  phthisis  in 
correspondence  with  prevalence  of  the  back-to-back  system  of  house 
construction  has  important  bearing  in  this  connection,  inasmucli  S 
as  purity  of  air  in  the  dwelling  room  is  much  influenced  by  ven- 
tilation as  well  as  by  the  amount  of  cubic  space  pro^-ided.  This 
question  will  later  be  further  referred  to. 

In  such  instances  it  might,  however,  be  argued  that  other  in- 
fluences, such  as  poverty,  intemperance,  and  the  like,  Avere  really  r 
the  important  factors  at  work.    In  the  case  of  prisons  and  of 
barracks,  some  of  these  suggested  disturbing   influences  can  be 
eliminated.     The  reduction   of  the  phthisis  rate  in  the  Army 
has  been  especially  appealed  to  as  an  instance  in  point.    As  early  | 
as  1858  the  Royal  Commissioners  on  the  Organisation  of  Military 
Hospitals  were  led  to  attach  special  importance  to  the  subject  of 
overcrowding,  and  the  improvements  inaugurated  at  about  that 
time,  as  regards  cubic  space  in  barracks,  have  been  succeeded  by 
a  diminution  of  the  phthisis  rate  in  the  Army,  markedl}'  exceed- 
ing the  diminution  which  has  occurred  in  the  civil  population. 
Overcrowding  had  been  specially  marked  among  the  footguards,  and 
in  them  the  phthisis  mortality  during  the  years  1837-46  reached  the 
excessive  amount  of  11-9  per  1,000  of  strength.    In  the  seven  years 
1864-70,  it  is  interesting  to  note  that  it  had  fallen  to  2-3  per  1,000. 
The  mortality  from  phthisis  in  the  Army  at  tlie  present  time  is 
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slightly  below  that  of  the  male  civil  population  at  the  same 
ages,  whereas  fifty  years  ago  it  was  in  notable  excess  of  that 

jimount.  .     , .      •  r  J.* 

A  very  striking  instance  of  the  power  of  dissemmatmg  infection 
displayed  by  the  virus  of  tubercle  under  circumstances  favourable  to 
the  spread  of  the  disease,  is  afforded  by  the  researches  made  by 
Cornet  concerning  the  Catholic  nursing  institutions  of  Prussia 
Dealing  with  the  twenty-five  years  preceding  1888,  Cornet  found  that 
in  these  institutions  the  deaths,  from  tubercle  alone,  amounted  to 
62-88  per  cent,  of  the  total  deaths,  a  percentage  considerably  m  excess 
of  that  which  might  have  been  anticipated  in  women  of  the  ages  under 
oonsideration.  He  found,  moreover,  that  tuberculosis  was  most 
deadly  in  the  third  year  of  cloister  life,  and  lie  concluded  that  a 
healthy  person  of  twenty-five  years  of  age,  who  then  begins  cloister 
life,  and  the  work  of  a  nurse,  has  an  expectation  of  life  equal  to  that 
of  a  healthy  woman  of  the  general  population  who  is  fifty-eight 
years  of  age." 

Again,  Niven  investigated  the  prevalence  of  phthisis  m  seventy- 
seven  Manchester  common  lodging  houses,  with  a  population  of  about 
1,825  persons;  he  found  the  phthisis  death-rate  in  these  persons 
exceeded  20  per  1,000,  while  the  mortality,  at  ages  25—45,  for  the 
whole  of  Manchester  amounted  to  only  3-95  per  1,000.  As  further 
instances  of  the  relationship  between  phthisis  and  the  breathing  of  a 
vitiated  atmosphere,  may  be  mentioned  the  frequent  occurrence  of 
the  disease  in  animals  kept  in  confinement.  In  particular,  reference 
may  be  made  to  the  case  of  cows  crowded  together  in  cowsheds,  as 
in  these  animals,  under  such  conditions,  the  ravages  caused  by  tuber- 
cular disease  are  specially  remarkable. 

Lastly,  mention,  must  be  made  of  the  way  in  which  the  spread 
of  other  forms  of  specific  disease  is  favoured  by  close  aggrega- 
tion of  persons.  Typhus  has  often  prevailed  in  association  with 
overcrowding,  and  measles,  small-pox  and  plague  may  also 
manifest  a  like  ability.  The  evidence  which  has  accumulated 
in  recent  years  as  to  dissemination  of  certain  diseases,  particularly 
diphtheria,  scarlet  fever  and  measles,  in  school  class  rooms,  is  quite 
conclusive  as  to  the  risk  incurred,  by  bringing  a  number  of  children 
together  within  a  confined  space,  unless  the  most  thorough  pre- 
cautionary measures  are  undertaken  with  a  view  to  the  detection 
and  exclusion  of  sufi'erers  from  the  maladies  referred  to.  The 
diseases  which  spread  in  hospital  wards  must  also  be  mentioned  ; 
hospital  gangrene  and  erysipelas  outbreaks  are  for  the  most  part 
things  of  the  past,  now  that  the  importance  of  preventing  their 
occurrence  is  recognised ;  various  sorts  of  sore  throat  are  still, 
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however,  of  common  occurrence  as  a  result  of  exposure  to  the 
atmosphere  of  hospital  wards. 

(IV.) — Ventilation  and  Heating. 

The  great  problem  of  ventilation  is  to  secure  as  far  as  practicable — 
and  usually  the  main  difficulty  is  the  limited  amount  of  cubic  space 
per  head  available — sufficient  interchange  of  air  without  production 
of  draught.  A  great  deal  depends  upon  the  original  plan  of  construc- 
tion of  the  particular  building  in  question  ;  if  a  house  has  ample  open 
space  about  it,  and  if  regard  has  been  paid,  in  planning  the  arrange- 
ment of  rooms,  to  the  need  for  preventing  stagnation  of  air,  the 
problem  is  a  comparatively  simple  one.  This  aspect  of  the  question 
may  be  best  considered  in  connection  with  the  subject  of  the  dwelling 
in  its  relation  to  health,  to  be  presently  dealt  with.  If  the  rooms  to 
be  ventilated  are  those  of  a  house  constructed  at  a  time  prior  to  the 
cominginto  force  of  adequate  building  regulations,  or  of  one  situated 
in  a  locality  where  no  such  regulations  are  in  force,  the  matter 
becomes  one  of  exceptional  difficulty.  If,  again,  the  rooms,  the  ven- 
tilation of  which  has  to  be  provided  for,  are  to  be  occupied  in  such  a 
way  as  to  only  allow  a  very  limited  amount  of  cubic  space  per 
individual  occupier,  special  effort  will  be  needed  to  combat,  as  far  as 
possible,  the  defects  of  original  design,  and  the  result  at  best  is  likely 
to  be  far  from  satisfactory. 

Mechanism  of  Ventilation.  —  The  diffusion  of  gases,  the 

action  of  winds,  and  variations  of  barometric  pressure,  all  tend  to 
cause  interchange  of  air,  and  removal  of  impurity ;  in  the  case  of 
rooms  provided  with  suitable  inlets  and  outlets,  advantage  may  be 
taken  of  these  natural  agencies  in  promoting  efficiency  of  ventilation  : 
and  still  more  effectually,  the  movement  of  the  air  caused  by  difference 
of  temperature,  or  that  induced  by  the  aspirating  effect  of  a  current 
of  air  blowing  across  an  opening,  may  be  utilised  to  good  effect  in 
replacing  contaminated  by  pure  air.  When  ventilation  is  promoted 
in  this  way,  by  utilising  forces  existing  in  nature  to  the  best  advan- 
tage, reliance  is  said  to  be  placed  upon  natural  ventilation.  Wlien 
the  difficulties  to  be  dealt  with  are  formidable,  however,  and 
natural  ventilation  will  not  suffice,  ventilating  fans,  blowing 
machines,  steam  jets,  and  the  like,  may  need  to  be  employed  to  secure 
adequate  interchange  of  air,  and  when  such  appliances  are  used,  the 
ventilation  is  said  to  be  artificial.  The  part  played  by  diffusion  of 
gases  in  ventilation  is  most  important,  but  reliance  cannot  be  placed 
upon  diffusion  alone,  even  for  securing  the  free  dilution  of  gaseous 
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impurity,  and  for  promoting  the  removal  of  solid  particles  it  is 
inoperative. 

The  action  of  wind  is  of  importance  not  only  as  regards  the  space 
about  dwellings,  but,  owing  to  the  influence  exerted  even  through 
soUd  containing  walls,  in  connection  also  with  the  movement  of  the 
air  of  rooms  ;  but  winds  are  so  variable  in  force,  as  to  make  their 
action  as  aids  to  ventilation  unreliable  under  any  circumstances,  and 
areat  difliculty  is  experienced  in  regulating  their  influence  so  as  to 
'prevent  draught.    Cowls  turned  towards  the  wind  are  sometimes 
used,  and  such  means  are  especially  adopted  in  the  ventilation  of 
ships     As  instances  of  the  utilisation  of  wind  as  an  agency  for 
ventilating  houses,  reference  may  be  made  to  the  extraction  ventila- 
tor (for  example  Boyle's  ventilator),  in  which  the  wind  effects  ex- 
traction of  air  by  blowing  over  the  mouth  of  a  ventilating  shaft, 
and  to  Banner's  cowl  (8ho^^n  in  section  in  Fig.  12),  in  which  the 
opening  of  the  ventilating  shaft  is  caused,  by  means  of  a  vane,  to 
face  away  from  the  wind. 


Fig.  12. 
Banner's  Cowl. 

Natural  Ventilation.— In  rooms  reliance  is  mainly  placed,  as  a 
rule,  upon  the  movement  caused  by  diff^erences  of  temperature 
of  the  internal  and  external  air.  The  way  in  which  the  ordinary 
chimney  comes  to  act  as  an  outlet  for  foul  air,  Ijy  reason  of  the 
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differing  weiglits  of  columns  of  air  at  different  temperatures,  has 
been  already  considered.  In  summer  time,  when  fires  are  not  lighted, 
tlie  air  in  the  chimney  may  be  actually  colder  than  the  air  outside, 
and  the  chimney  will  then  act  as  an  inlet,  a  fact  which  accounts  for 
the  "  flue  smell "  sometimes  observed  in  dwellings  under  such  circum- 
stances. Assuming  that  the  external  air  is  colder  than  that  in  the 
room,  it  is  obvious  that,  apart  from  the  action  of  wind,  interchange  of 
air  will  take  place  through  any  window  or  other  opening,  the  denser 
outer  air  tending  to  descend  into  the  room,  and  the  lighter  internal 
air  to  ascend,  and  in  part  escape  into  the  outer  atmosphere.  It  is  a 
common  practice  to  establish  openings  in  the  wall  of  a  room  at 
suitable  points  in  order  to  give  opportunity  for  such  interchange 
of  air  to  take  place. 

Air  bricks,  i.e.,  bricks  perforated  with  numerous  conical  holes, 
having  a  smaller  diameter  externally  than  internally,  are  often  used, 
the  object  of  the  air  being  made  to  pass  through  a  channel,  the 
sectional  area  of  which  increases  on  proceeding  from  without 
inwards,  being  to  cause  the  current  of  incoming  air  to  slacken,  and  so 
to  obviate  draught.  In  Fig.  13  such  an  arrangement  is  shown, 
the  inlet  to  the  room  is  fitted  with  louvres  so  as  to  give  the  incoming 

air  an  upward  direction,  and,  in  addi- 
tion, an  intermediate  space,  between 
these  louvres  and  the  externally  placed 
air  brick,  is  provided,  tliis  contrivance 
being  designed  with  the  object  of  in- 
tercepting dust. 

In  the  Sheringliam  valve  a  flap, 
usually  about  nine  inches  by  three 
in  area,  falls  forward  towards  the 
room,  and  it  is  sometimes  balanced 
by  a  weight,  so  that  it  closes  if  the 
air  tends  to  pass  from  within  out- 
wards, but  remains  open  when  the 
current  is  from  without  inwards.  It 
will  be  seen  from  Fig.  14  that  the 
arrangement  of  the  aperture  is  such 
as  to  deflect  upwards  the  incoming 
air,  and  with  a  view  to  minimising 
the  risk  of  draught  the  opening  com- 
municating witli  the  outside  air  may 
be  made  somewhat  smaller  than  tlie  aperture  giving  access  to  the 
interior  of  the  room. 

Tobin's  tubes  are  intended  to  serve  for  the  introduction  of  air  from 


AIR. 


93 


outside  at  a  level,  usually  of  some  six  feet  or  thereabouts,  above  the 

floor  of  the  room.    The  inflowing  air,  as  will  be 

seen  from  Fig.  15,  is  caused  to  flow  upwards, 

and  as  it  gradually  mixes  with  the  air  of  the  room, 

and  is  diffused  over  an  area  considerably  greater 

than  the  area  of  the  inlet  before  it  descends, 

draught  is  obviated.    The  action  of  this  form  of 

inlet  largely  depends  upon  the  direction  and 

force  of  the  wind. 

McKinnell's  ventilator  is  sometimes  used  in 

rooms  at  the  top  of  a  house ;  it  consists  of  a 

double  tube  carried  through  the  ceiling ;  the 

inner  tube  is  intended  to  provide  means  of  exit 
for  the  impure  air  of  the  room ;  the  fresh  air 
enters  through  the  space  between  the  two  tubes, 
which  has  about  the  same  sectional  area  as  that 
of  the  exit  tube.  In  Fig.  16  this  and  other 
forms  of  ventilating  opening  are  diagrammati- 
cally  shown,  in  the  position  in  Avhich  any  one  of 
them  might  be  placed  with  a  view  to  affording 
means  of  permanent  ventilation.  It  is  important 
in  rooms  Avhich  are  extensively  used,  and  in 
which  the  cubic  space  pro\dsion  per  person  is  limited,  that  some 
such  means  of  permanent  ventilation  should  be  provided.  If  this 
is  not  done,  and  windows  are  kept  closed,  no  sufficient  means  of 
promoting  interchange  of  air  oftentimes  exists. 

Hinckes  Bird  devised  a  simple  plan  for  providing  permanent  means 
of  ventilation,  by  introducing  a  block  of  wood  beneath  the  lower 
sash  of  the  Avindow.  With  this  arrangement,  when  the  lower  sash 
is  shut  down  as  far  as  it  will  go,  an  aperture  is  still  left  between  the 
two  sashes,  and  the  air  entering  through  this  opening  is  directed 
upwards,  and  enters  the  room  without,  save  under  exceptional 
circumstances,  causing  draught.  In  crowded  dormitories  it  is  a- 
common  practice  to  replace  one  of  the  panes,  of  one  or  more 
windows,  by  a  perforated  piece  of  zinc;  again,  louvred  glass 
ventilators  are  sometimes  used.  Double  windows  serve  a  useful 
purpose  in  aiding  ventilation  in  bedrooms,  inasmuch  as  the  outer 
window  can  be  left  open  at  the  bottom,  and  tlie  ii\ner  one  at  the 
top,  and  interchange  of  air  is  thus  secured  without  any  risk  of 
draught. 

In  ordinary  living  rooms  the  chimney  generally  constitutes  the  most 
important  means  of  escape  for  impure  air.  The  mode  of  circulation 
of  air  commonly  observed  in  such  a  room  is  indicated  in  Fig.  17.  In 


FIG.  15. 
Tobin's  Tube. 
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this  case  no  special  inlets  are  assumed  to  be  in  use ;  if  they  existed, 
modification  of  air  currents,  particularly  in  their  immediate  neigh- 
bourhood, would,  of  course,  be  produced. 

Inlets,  as  a  rule,  should  be  smaller,  but  more  numerous,  than 
outlets,  and  they  should  be  distributed  in  differents  parts  of  a  large 
room,  in  order  to  prevent  stagnation  of  impure  air  ;  the  current  of 
entering  air  should  be  given  such  a  direction,  or  be  so  dealt  with,  as 
to  prevent  draught.  Primd  facie,  inlets  should  be  near  the  lower, 
outlets  at  the  upper  part  of  a  room,  but  where  artificial  heat  is  in 


FIG.  16. 
Ventilating  Openings. 

A.  — MoKinnell's  Ventilator. 

B.  — Sheringham  Valve. 

C— Tobin's  Tube  -with  Water-Trap. 
D.— Ellison's  Conical  BriekjVentilators. 

use,  and  under  other  special  circumstances,  considerable  modification 
of  this  principle  is  necessary.  The  air  exhaled  is  driven  downwards 
in  expiration,  and  its  natural  tendency  to  rise  may  be  advantageously 
combated,  in  some  instances,  by  the  promotion  of  the  downward 
movement,  the  impure  air  being  then  drawn  oft'  at  a  low  leve  ; 
this  system  is  sometimes  adopted  in  places  of  assembly  wliere  people 
are  congregated  in  groups  at  one  and  the  same  level.  In  liospitjds, 
on  the  other  hand,  Avhere  people  are  lying  in  bed,  and  the  expired  air- 
is  directed  upwards,  there  is  advantage  in  encouraging  tins  upward 
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through  an  aperture  in  the  roof  above  the  "  sunlight."  The  principle 
of  McKinnell's  ventilator  is  here  often  used,  the  heat  from  the  gas 
favouring  extraction  of  air  through  an  inner  tube,  Avhile  air  enters 
through   an  outer   encasing  tube.     This  use  of   the  ventilating 
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gaslight  is  also  common  on  a  smaller  scale,  as,  for  instance,  under 
low  galleries.  With  disuse  of  gas  for  illuminating  purposes  in 
theatres,  and  with  the  devotion  of  increasing  attention  to  the  need 
of  properly  securing  interchange  of  air  in  such  crowded  places  of 
assembly,  resort  is  likely  to  be  increasingly  made  to  more  elaborate 
means  of  ventilation  than  have  hitherto  been  adopted.  Inlets  and 
outlets  Should  not  be  so  situated  that  the  incoming  air  is  enabled  ta 
immediately  escape  without  mixing  with  the  air  of  the  room.  The 
cooling  effect  of  windows  is  a  factor  which  requires  to  be  reckoned 
with  in  assembly  rooms  with  ample  window  space  ;  it  has  been 
suggested  that  having  regard  to  the  influence  exerted  in  this  way 
upon  circulation  of  air,  inlets  for  warm  air  should  be  inserted  just 
beneath  each  window. 

Determination  of  the  relative  sizes  of  inlets  and  outlets  mainly 
depends  upon  the  rate  of  flow  desirable  in  the  case  of  the  several 
currents  of  air.  The  fact  that  the  impure  air,  being  Avarmer,  will 
occupy  more  space  really  has  but  little  influence  in  the  matter,  a!> 
the  increase  of  volume  corresponding  to  the  higher  temperature  is 
not,  generally,  so  great  as  to  exert  material  effect.  As  a  rule  the 
inflowing  current  should  have  less  velocity  than  that  of  the  outgoing 
air,  unless  the  pure  air  from  without  is  warmed  before  it  enters  the 
building ;  if,  therefore,  cold  air  is  introduced,  it  would  follow  that 
the  area  of  the  inlets  should,  if  anything,  exceed  that  of  the  outlets. 
It  has  been  suggested  that  the  total  inlet  area  should  be  fixed  so  as 
to  provide  about  twenty-four  inches  per  person,  and  that  each 
individual  inlet  should  be  adapted  to  the  air  requirements  of  two  or 
three  persons,  while  the  total  outlet  area  should  be  equivalent  to 
the  total  inlet  area,  but  made  up  of  somewhat  larger  individual 
outlets,  each  adapted  to  the  air 
requirements  of  about  six  per- 
sons. 


Artificial  Ventilation.— In 

artificial  ventilation,  extraction 
of  air  is  usually  effected  by  heat 
(as  in  the  case  of  the  ventilating 
furnaces  of  mines,  or  in  that 
of  the  steam  jet  sometimes  em- 
ployed in  factories) ;  by  with- 
drawing air  by  pumps;  or  by 
extracting  or  driving  in  air 
by  means  of  fans.  The  Black- 
man  fan,  shown  in  Fig.  18,  re- 
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FIG.  18. 
Blackman  Fan. 
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presents  a  form  of  appliance  now  frequently  used  for  the  ventila- 
tion of  crowded  rooms.  Another  kind  of  apparatus  employed  for 
the  propulsion  of  air  is  that  known  as  Roots'  blower.  In  this 
machine  two  rotating  pistons  revolve  inside  a  box,  with  two 
openings,  and  by  their  action  draw  air  into  one  opening  and 
drive  it  out  at  the  other.  By  means  of  such  appliances,  fitted 
with  due  regard  to  all  the  special  circumstances  of  each  particular- 
case,  A"entilation  can  be  regulated  to  a  nicety,  and  the  air  supplied 
can,  if  necessary,  be  warmed,  cooled,  or  purified  l)y  filtration,  beifore 
beins:  delivered. 


FIG.  19. 
Boots'  Blower. 


The  standard  of  purity  of  the  air  in  crowded  rooms,  or  in  work  rooms 
in  which  impurity  is  caused  by  the  carrying  on  of  special  trade 
processes,  can,  by  means  of  artificial  ventilation,  be  maintained  at  a 
level  which  would  be  quite  unattainable  under  ordinary  conditions. 
In  rooms  in  which  dusty  occupations  are  carried  on,  and  in  places  in 
wliich  offensive  effluvia  are  necessarily  evolved,  artificial  ventilation 
lias  pro\  ed  invaluable.  Recent  researches,  conductetl  by  Carnelley, 
ITaklane,  and  Anderson,  concerning  the  ventilation  of  schools  in 
Dundee,  have  shown  how  advantageously  mechanically  ventilated 
schools  compare  with  those  in  M-hich  mere  natural  ventilation  is 
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relied  upon.  In  the  Dundee  schools,  the  air  was  propelled  over  Iiot 
pipes,  and  entered  the  schoolrooms  about  five  feet  above  the  floor, 
the  outgoing  air  escaping  through  apertures  some  two  feet  above  the 
floor  into  a  chamber  in  the  roof,  and  passing  thence  through  louvred 
exits  into  the  outer  air.  The  air  of  the  schoolrooms  thus  ventilated 
was  found  somewhat  purer,  on  an  average,  than  the  air  of  naturally 
rentilated  schools,  both  as  regards  CO,,  (1-23  as  against  1-86  per 
1,000  volumes),  and,  as  regards  organic  matter  (lO'l  as  against  16-2 
volumes  of  oxygen  required  per  1,000,000  volumes  of  air).  The 
most  striking  difi"erence  under  the  two  sets  of  conditions  was, 
however,  that  observed  in  the  number  of  micro-organisms,  wliicli 
amounted  to  152  per  litre  in  the  naturally  ventilated,  and  to  only 
16-6  per  litre  in  the  mechanically  ventilated  schools.  It  is  clear  that, 
by  the  adoption  of  improved  means  of  artificial  ventilation,  the  risk 
of  danger  to  health,  from  the  aggregation  of  considerable  numbers 
of  persons  in  a  confined  atmosphere,  can  be  msrterially  diminished, 
and  it  is  likely  that  a  very  much  larger  amount  of  attention  will  be 
devoted  in  the  future  to  this  subject  than  has  been  given  to  it 
hitherto,  in  relation  not  only  to  schools  but  also  to  rooms  of  assembly 
of  all  kinds. 

The  Heating  of  Buildings.— In  this  country  the  warming 
of  rooms  is  mainly  efiected  by  open  fireplaces;  they  possess  the 
great  advantage  of  providing  an  excellent  means  of  ventilation,  but 
they  do  not  secure  anything  like  uniformity  of  heating  eff'ect  in 
difi"erent  parts  of  the  room,  and  they  are  open  to  the  objection  that 
much  of  the  h2at  generated  escapes  up  the  chimney,  and  does  not 
warm  the  room  at  all.  The  older  forms  of  fireplace  were  particularly 
wasteful;  in  modern  grates  attention  is  usually  given  to  certain 
points  with  a  view  to  limiting,  as  far  as  possible,  the  loss  of  heat. 
Thus,  in  the  old  form  of  grate,  iron  was  largely  used.    It  is  now 
recognised  that  radiation  must  be  mainly  relied  upon  for  heating  a 
room.    The  heat  of  iron  surfaces  imparts  warmth  by  conduction  to 
the  adjacent  air,  which,  in  turn,  by  convection,  conveys  lieat  to 
distant  parts  of  the  room,  but,  in  practice,  most  of  the  heat  com- 
municated to  the  iron  of  a  grate  escapes  up  the  chimney.    Hence,  m 
modern  grates,  iron  is,  as  far  as  possible,  discarded,  and  firelinck 
is  used  in  its  place,  with  the  object  of  insulating  the  heat  producd^ 
The  shape  of  the  stove,  is,  moreover,  important  from  the  point  of 
view  of  increasing  radiation;  the  back  of  the  stove  should  lean 
forwards  over  the  fire,  the  bottom  of  the  grate  being  made  deep 
from  before  backwards,  and  the  "throat"  of  the  chimney  sliould 
be  contracted.     The  slits  in  the  grating  beneath  the  fire,  and 
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the  bars  in  front  of  it,  should  be  made  narrow,  and,  with  the  object 
of  promoting  complete  combustion,  cold  air  may  be  excluded  from 
beneath  the  fire  by  the  use  of  what  Pridgin  Teale  called  an  "  econo- 
miser,"  a  close  fitting  shield  placed  in  front  of  the  space  into  which 
the  ashes  fall. 

Another  improvement  (now  often  taken  advantage  of  in  modern 
grates)  may  be  effected  by  surrounding  the  stove  with  an  air  chamber, 
communicating  on  the  one  hand  Avith  the  outer  air,  and  on  the  other 


FIG.  22.  FIG.  23. 

Section  of  a  room  showing  Tlan  of  Grate  and 

air-duet  and  Hues.  air-chamber. 

Ventilating  Fireplace. 
(After  aaltoii.) 


with  the  room.  In  such  "  ventilating  stoves  "  the  waste  heat  of  the 
fire  is  used  to  warm  the  air,  which  is  then  admitted  into  the  room  for 
ventilating  purposes.  Fresh  air  from  without  enters  the  air-chambei', 
is  warmed  by  contact  with  its  heated  sides,  and  rising,  is  delivered 
into  the  room  through  openings,  situated  between  the  fireplace  and 
the  ceiling,  or,  alternatively,  placed  just  beneath  the  mantelshelf. 
This  form  of  stove  is  sometimes  called  Galton's  stove,  as  the  late 
Sir  D.  Galton  strongly  advocated  its  use. 

Close  stoves  are  much  less  wasteful  of  heat  than  fires,  as  the  sides 
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of  the  stove,  and  part  of  the  flue,  communicate  heat  by  conduction 
and  convection  to  the  air  of  the  room.  In  what  are  known  as  "  cockk' 
stoves  "  the  apparatus  is  enveloped  in  a  chamber,  the  air  of  which  be- 
comes heated  and  can  be  distributed  to  various  parts  of  a  house.  This 
principle  is  in  common  use  on  the  Continent ;  the  heated  air  should  be 
fresh  air,  and  not  merely  that  obtained  from  the  chamber  in  which  the 
stove  is  situated.  The  close  stove  does  not  secure  ventilation  so  satis- 
factorily as  does  an  open  fire  ;  moreover,  close  stoves  sometimes  render 
the  air  of  rooms  unpleasantly  dry,  and  there  is  risk,  under  certain 
conditions,-. of*  pollution  of  the  atmosphere  with  carbonic  oxide,  a 
question  wliiclrthas  been  already  referred  to.  • 

Gas  fires  ' are  !i  cleanly,  producing  no  ashes  or  smoke,  they  can  be 
lighted  at  a  monie'nt's  notice,%nd  can  be  made  attractive  in  appear- 
ance. On  the, ^^ther* hand,. 'they  are  costly  ;  they  do  not,  as  a  rule, 
act  so  effici&Titiy^n  promoting  ventilation  as  open  fires;  they  render 
the  air  dry ;  and  their  use  may  be  associated  with  escape  of  carbonic 
oxide  into  the  air  of  the  room.' 

The  employment  of  hot  air '  in  warming  schoolrooms  has  already 
been  referred  to";  hot  water'  at  low  pressure  or  at  high  pressure,  and 
steam,  may  also' be  used  for  heating  purposes.  In  the  case  of  water 
at  low  pressure^  the'  arrarigem'ent  usually  adopted  is  that  sho^^-n  in 
Fig.  24. 

Cast-iron  pipes  are  used  for  distributing  the  heat,  the  highest 
point  of  the  system  is  placed,  by  means  of  the  air-vent  A,  in  com- 
munication with  the  atmosphere,  so  that  air  cannot  collect  in  the 
pipes;  if  it  did,  it  would  prevent  the  circulation  of  the  water. 
There  is,  moreover,  a  cistern  C  which  receives  the  water  as  it  ex- 
pands, thus  preventing  overflow,  and  which  automatically  replaces, 
through  its  ball  tap,  any  loss  of  water  which  may  occur.  The  system 
is  diagrammatically  represented  as  consisting  of  two  vertical  tubes, 
H  Bj^H'  L,  connected  at  the  top  by  a  horizontal  tube,  H  H'. 
The  pipe  H  B  communicates  at  B  with  the  upper  part  of  the  boiler, 
and  in  it  the  heated  water  ascends;  the  other  termination 
of  the  system  of  pipes,  which  conveys  water  cooled  after  its 
passage  through  them,  joins  the  boiler  at  its  lowest  point,  L'.* 

*  The  circulatioiTof  the  water  is  due  to  difference  of  density  of  hot  an.l 
cold  water.  If  the  portions  of  the  two  vertical  tubes  contained  between 
two  horizontal  planes  h  c,  A' c',  one  foot  apart,  be  considered,  and  if  the 
densitv  p  of  the  water  between  h  and  h'  be  less  than  the  density  p  of  the 
water  "between  c  and  c,  then  the  difference  of  pressure  for  that  portion 
of  the  vertical  height  of  the  circulation  between  the  two  plancs  is 
y^  h')  p.    It  may  be  shown  ("A  Treatise  on  Hygiene  and  Public 

Hei  th,"  Stevenson  &  Murphy,  vol.  i.  p.  133)  that  the  head  per  foot  per  unit 
difference  of  temperature  is  equal  to  a,  and  lieucc  the  head  for  any  circula- 
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Tlie  pressure  in  the  boiler,  since  the  system  is  in  communication 
with  the  outer  air,  is,  of  course,  the  atmosplieric  pressure,  plus  the 
pressure  due  to  the  weight  of  a  column  of  water  measured  vertically 
from  the  boiler  to  the  highest  point  of  the  system  of  pipes.  The 
temperature  of  the  water  cannot  exceed  212°  F.  at  the  highest 
point,  as  the  furnace  must  not  be  heated  to  such  an  extent  as  to 
produce  steam,  and  the  pressure  increases  by  only  -43  lb.  per  square 
inch  for  each  foot  of  distance  vertically  below  this  point,  so  that 


H 


Fig.  24. 

Distribution  of  Heat  by  -water  at  low  pressure. 


even  in  lofty  buildings  the  temperature  is  not  likely  to  greatly 
exceed  212""  F.  at  any  part  of  the  system.  Roughly  speaking,  it  is 
found  that  some  12  feet  of  4-inch  pipe  are  required,  per  1,000 
cubic  feet  of  space  in  dwelling  rooms,  to  give  a  temperature  of 
about  65^  ;  oi  course,  much  depends,  however,  upon  the  external 
temperature.  In  the  case  of  conservatories  exposed  to  the  outer  air, 
quite  three  times  this  allowance,  of  lerigth  of  4- inch  pipe,  must  be 

tion  may  be  determined  by  dividing  it  into  sections,  by  horizontal  linos 
one  foot  apart,  measuring  the  temperature  at  each  section  of  the  flow  and 
return-pipes,  adding  together  the  differences  of  temperature  of  correspond- 
ing sections,  and  multiplying  the  total  sum  by  a,  the  coefficient  of  expansion 
of  water. 
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made,  in  winter  time,  to  secure  a  temperature  of  about  55^  F.  In 
drying  rooms  filled  with  wet  linen,  some  150  .to  200  cubic  feet  of 
4-inch  pipe,  per  1,000  cubic  feet  of  space,  are  needed  to  raise  the 
temperature  to  about  80°  F. 

Hot  water  under  pressure,  at  temperatures  considerably  higher 
than  212°  F.,  is  employed  in  what  is  called  Perkins'  system.  A 
complete  circuit  of  wrought-iron  pipes,  usually  about  |  inch  internal 
and  inch  external  diameter,  is  constructed,  and  part  of  the 
circuit  is  exposed  to  the  heat  of  a  furnace.  Expansion  tubes,  of 
comparatively  large  diameter  and  partly  filled  with  air,  are  placed 
at  the  top  of  the  system,  and  these  allow  for  the  expansion  of  the 
water,  but  the  air  does  not  extend  into  the  smaller  pipes  so  as  to 
interfere  with  the  water  circulation.  Water  requires  to  be  added 
from  time  to  time  through  the  tubes  at  the  upper  part  of  the 
system,  to  replace  waste.  In  the  event  of  a  stoppage  occurring,  the 
weakest  part  of  the  system  is  that  in  the  fire,  and  if  a  pipe  bursts 
there  no  serious  damage  is  likely  to  result. 

In  heating  by  steam  the  vapour  is  usually  carried  by  pipes  of  small 
diameter  to  the  point  at  which  it  is  to  be  condensed,  and  there,  in 
the  act  of  condensation,  it  imparts  heat  to  condensing  pipes  of  con- 
siderably greater  diameter ;  the  condensed  water  is  then  returned  to 
the  boiler. 

In  contrasting  the  advantages  and  disadvantages  of  these  several 
methods  of  heating  rooms,  it  must  be  borne  in  mind  that  where  heat 
is  imparted  by  radiation,  the  air  remains  comparatively  cool,  wheresis 
when  heat  is  transmitted  by  convection  the  air  itself  becomes  hot, 
and  is  thus  rendered  dry.  On  the  other  hand,  under  the  conditions 
of  the  Dundee  experiments,  the  air  was  found  to  be  much  more 
highly  charged  with  micrp-organisms  in  the  former  case  than  in  the 
latter.  Carnelley,  Haldane,  and  Anderson  point  out  that,  in  addition 
to  being  more  cheerful,  and  keeping  the  air  fresher,  the  open  fire 
system  involves  less  initial  outlay  than  hot  pipe  systems  :  but,  on  the 
other  hand,  the  annual  cost  of  open  fires  is  greater  than  in  the  case 
of  stoves,  steam  pipes,  or  large  hot  water  pipes,  the  heat  is  unequally 
distributed,  and  the  air  becomes  more  highly  charged  with  micro- 
organisms. Stoves  they  found  to  be  particularly  economical,  but 
liable  to  smoke  and  get  out  of  repair.  With  respect  to  the  relative 
merits  of  small  high  pressure  and  large  low  pressure  pipes,  they  con- 
clude that  the  former  are  cheaper,  less  obtrusive,  more  speedily  set 
in  action,  and  give  better  results  as  regards  the  condition  of  the  air. 


CHAPTER  III. 


WATER. 

I —Sources  of  Water  Supply  and  Methods  of  Purification 

OP  Water. 

Reference  has  been  made  in  the  previous  chapter  to  some  of  the 
elementary  properties  of  water  and  of  the  aqueous  vapour  given 
off  by  it.  The  fact  that  the  density  of  water  is  greatest  at  4°  C. 
has  been  mentioned  as  showing  why  ice  collects  and  floats  on  the 
surface.  Water  in  the  act  of  freezing  expands,  hence  the 
liability  of  water  pipes  to  be  fractured  in  times  of  frost;  the 
fact  that  such  fracture  has  been  caused  is,  of  course,  not  made 
manifest  until  the  thaw  occurs.  This  expansion  of  water  on  freezing 
exercises  important  influence  in  connection  with  the  weathering  of 
rocks  and  the  disintegration  of  soil.  Water  is  a  very  bad  con- 
ductor of,  and  has  a  high  capacity  for,  heat ;  it  is  taken  as  the 
standard  with  which  the  specific  heats  of  other  substances  are  com- 
pared. The  influence  of  pressure  upon  the  boiling-point  of  water 
has  been  referred  to,  but  it  should  be  mentioned  that  the  boiling- 
point  is  raised  when  certain  substances  are  contained  in  solution 
in  the  water. 

Rain-Water. — The  source  from  which  all  water  is  originally 
derived  is  rain.  The  rainfall  in  a  locality  may  be  of  importance 
in  many  ways  as  regards  health  conditions.  Now  that  it  is 
becoming  more  and  more  commonly  the  practice  to  bring  water 
from  considerable  distances,  for  the  supply  of  thickly  populated 
districts,  the  rainfall  over  a  given  "catchment  area"  becomes  a 
matter  of  the  first  consequence  in  connection  with  the  deter- 
mination of  the  sufiiciency  of  such  an  area  for  the  supply  of  a 
community.  The  amount  of  rain  falling  upon  the  area  will 
have  to  be  considered,  and  also  the  extent  to  which  it  may 
be  expected  to  percolate  through  the  ground,  in  order  that  an 
estimate  may  be  made  of  the  quantity  of  water  likely  to  accumulate 
in  natural  underground  reservoirs,  formed  by  the  liolding  up  of  the 
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water  contained  in  pervious  formations  by  underlying  impervious 
sti-ata. 

The  instrument  employed  for  estimating  the  amount  of  rainfall  is 

the  "rain-gauge."  The  pattern 
used  is  generally  5  inches  in 
diameter,  and  the  rain  collected 
passes  through  a  funnel  into  a 
bottle,  this  arrangement  being 
designed  to  check  evaporation. 
From  the  bottle  the  water  is 
from  time  to  time  removed  to 
a  measuring  glass,  and  the 
quantity  of  rain  collected  per 
unit  of  surface  is  stated  in  inches, 
or  fractions  of  an  inch.  The 
rainfall  varies  greatly  in  dif- 
ferent parts  of  the  world.  The 
average  yearly  rainfall  over 
the;  whole  of  England  is  up- 
wards of  30  inches,  but  in 
the  eastern  counties  it  is  less 
than  25  inches,  while  in  the 
hilly  districts  adjoining  tlie 
western  coast  the  amount  is 
much  greater,  and  in  particular  localities  it  may  considerably 
exceed  100  inches  per  annum.  In  some  sparsely  populated  districts 
the  population  is  dependent  for  its  water  supply  upon  the  collection 
and  storage  of  rain-water.  The  area  of  roof  space  in  such  cases 
assumes  importance.  The  slope  of  the  roof  must  not,  of  course,  be 
taken  into  account,  what  is  material  being  the  horizontal  area 
covered  by  it.  If  the  projection  of  the  roof  on  a  horizontal  plane 
be  taken  at  60  square  feet  per  person,  and  if  the  rainfall  be  30 
ii^ches  per  annum,  and  one-fifth  (the  ordinary  allowance  made)  be 
deducted  for  evaporation,  it  will  be  found  that  the  rain-water 
available  only  amounts  to  some  two  gallons  per  person  daily. 

in  estimating  how  much  water  can  be  derived  from  a  given  area 
of  ground  a  considerable  deduction  must  be  made  for  evaporation ; 
and  according  to  the  steepness  and  slope  of  the  ground,  the  porosity 
of  tlie  soil  upon  which  the  rain  falls,  the  quantity  of  vegetation,  and 
80  on,  varying  amounts  of  water  will  either  penetrate,  or,  on  the 
other  hand,  run  over  the  surface  and  find  their  way  into  water- 
courses. In  liilly  districts  the  conditions  are  necessarily  much  more 
favourable  for  surface  flow  than  they  are  on  flat  lands,  and  while,  hi 


Fig.  25. 
Rain-gauge. 
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the  case  of  sand  or  gravel,  the  large  bulk  of  the  rainfall  sinks  into 
the  ground,  upon  clay  hardly  any  infiltration  occurs. 

The  extent  of  a  gathering  ground  can  be  determined  from  a 
6-inch  ordnance  map.  Ordnance  maps  include  "  general  maps  "  on 
a  scale  of  1  inch  to  1  mile ;  "  county  plans  "  on  a  scale  of  6  inches 

to  1  mile  :  "  parish  plans"  on  a  — ^  scale,  i.e.,  a  scale  of  25-344:,  or 

2501) 

very  nearly  25  inches  to  1  mile  (on  this  scale  a  square  of 
1-0018  inch  corresponds  to  an  acre,  or  approximately  one  square 
inch  on  the  -plan  represents  one  acre) ;  and  "  town  plans  "  on  a 

—  scale,  i.e.,  a  scale  of  10-56,  or  very  nearly  10,  feet  to  1  mile. 
500 

(The  town  plans  of  London,  Dublin,  Belfast,  and  some  smaller  towns 

are  on  a  —1—  scale,  i.e.,  a  scale  of  5  feet  to  a  mile.)    "  Town  plans," 
1056 

it  may  be  incidentally  noted,  are  invaluable  in  connection  with 
study  of  insanitary  areas.  The  1-inch  maps  are  all-  drawn  parallel 
and  perpendicular  to  a  meridian  line  passing  north  and  south  through 
Delamere  Forest.  For  the  larger  scales  the  maps  are  prepared  by 
counties,  and  each  county  (or  group  of  counties  where  it  Avas  found, 
more  convenient  to  group  them)  has  its  own  meridian.  All  the 
large-scale  plans  are  reduced  to  smaller  scales  by  photography, 
and  "  for  convenience  in  this  reduction  and  also  for  convenience 
in  numbering  the  plans,  it  was ,  flecided  that  all  plans  on  tjie  two 
larger  scales  should,  when  reduced  to  tlie  6-inch  scale,  fit  into  the 

6-inch  sheets.    The  proportion  of  the  25-inch  or  -^^q   scale  to 

the   6-inch   or  — ^ —  scale  being  nearly  as  4  to  1,  each  6-inch 
10560 

sheet,  containing  an  area  6  miles  by  4,  was  divided  into  16  25-inch 
plans,  each  containing  an  area  1^-  miles  by  1  ;  and  similarly  the 

proportion  of  the  town  or  ^   scale    to  the    25-inch  or 

scale  being  as  5  to  1,  each  25-inch  plan,  containing  an  area  120 
chains  by  80  (or  IJ  miles  by  1),  was  divided  into  25  town  plans, 
each  containing  an  area  24  chains  by  16,  whenever  a  town  happened 
to  come  within  the  area  of  the  25-inch  plan."* 

The  6-inch  sheets  of  each  county  are  numbered  from  nortli  to 
south,  generally  (but  not  always)  by  Roman  numerals,  e.y.,  LX,  and 

*  "  Ordnance  Survey  Maps  of  the  United  Kingdom.  A  description  of 
their  scales,  characteristics,  etc."  This  pamphlet,  printed  forH.M.  Stationery 
Office  (price  sixpence),  should  be  carefully  studied  in  connection  with  the 
URC  of  ordnance  maps. 
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are  divided  into  quarter-sheets,  lettered  N.W.,  N.E.,  S.W.,  and  S.E. 
The  plans,  of  which  there  are  16  on  a  full  6-inch  sheet,  are  num- 

bered 1  to  16  in  Arabic  figures,  and  referred  to,  for  example,  as  LX.  9. 

There  are  25  plans  of  the         scale  in  one  — \—   scale  plan,  and 
^  500  2500  ^  ' 

these  are  numbered  from  left  to  right,  as  in  the  system  adopted 
for  numbering  the  ^;^q   plans,  and  are  referred  to,  for  example, 

as  LX.  1.  9.  Each  enclosure  on  a  ^^qq  pl^^  ^^^^  *  reference  num- 
ber, except  in  Ireland,  and  the  area  is  given  under  this  number  on  the 
plan.  Altitudes  above  mean  sea  level  at  Liverpool  are  shown  on  the 
plans.  It  has  been  found  that  the  mean  level  of  the  sea  around  the 
coast  is  "650  foot  above  the  mean  level  of  the  Mersey  at  Liverpool ; 
the  altitudes  given  may  therefore  be  taken  as  starting  from  a  zero- 
point  about  -650  foot  below  the  mean  sea  level.  For  islands 
distant  from  the  mainland  altitudes  are  referred  to  a  local  mean 
sea  level.  For  Ireland  altitudes  are  given  above  low  water  level 
of  Spring  tides  at  Poolbeg  Lighthouse,  Dublin  Bay.  Trinity  high- 
water  mark  is  the  level  of  the  lower  edge  of  a  stone  fixed  in  the 
face  of  the  river  wall  on  the  east  side  of  the  Hermitage  entrance  of 
the  London  Docks,  and  is  12-48  feet  above  Ordnance  datum. 

Surface  levels  are  shown  along  roads  on  the  6- inch  and  25-inch 
plans,  and  in  the  case  of  the  10-feet  plans  one  decimal  is  given. 
Figures,  to  which  an  arrow  and  the  letters  B.M.  are  prefixed,  refer  to 
"  bench  marks  "  cut  on  buildings,  walls,  milestones,  etc.  Contours 
begin,  as  a  rule,  50  feet  above  Ordnance  datum,  but  in  some  flat 
districts  the  25-feet  contour  is  shown.  They  only  appear  on  the 
6-inch  and  1-inch  maps,  and  are  shown  instrumentally  (after  50  and 
100  feet)  at  intervals  of  100  feet,  up  to  1000  feet,  above  O.S.  datum, 
and  in  some  instances  at  closer  intervals.  Contours  sketched  by 
water  level  are  shown  at  100  and  250  feet  intervals,  on  the 
1-inch  maps  of  England,  for  ground  at  greater  elevation.  Full 
account  of  the  abbreviations,  characteristics  and  symbols  employed 
on  ordnance  plans  is  given  in  the  pamphlet  already  referred  to. 
Ridge  or  waterslied  lines  are  lines  separating  drainage  areas,  and 
forming  therefore  the  boundary  of  catchment  basins.  The  boundaries 
of  a  given  catchment  basin,  or  gathering  ground,  being  determined, 
its  area  can  be  ascertained  by  use  of  the  6-inch  map. 

In  estimating  the  amount  of  water  which  can  be  relied  upon  from  a 
given  "  catchment  area,"  it  has  to  be  borne  in  mind  that  the  quan- 
tity of  rain  which  falls  varies  from  year  to  year.     Hawksley's  rule 
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is  to  the  effect  that  the  average  of  20  years  less  one-third  gives  the 

amount  of  rain  in  the  driest  year,  while  this  average  plus  one-third 

gives  the  amount  of  rain  in  the  wettest  year.    On  the  same  authority 

the  amount  of  storage  which  should  be  provided  is  often  taken  as  being 

1000  .  '  , 

aiven  by  the  formula  D  =  -7--,  D  being  the  number  of  days  sup- 

ply  to  be  stored,  and  F  the  mean,  in  inches,  of  the  rainfall  of  three 
consecutive  dry  years,  or,  say,  five-sixths  of  the  average  annual 
rainfall. 

As  regards  the  amount  of  water  required  for  a  given  population, 
.  about  30  to  35  gallons  per  head  is  that  usually  found  necessary 
in  most  large  communities  in  this  country.  The  actual  quantity 
consumed,  in  the  form  of  food  and  drink,  per  person  is  only  about 
half  a  gallon,'  another  half  a  gallon  would  be  required  for  cooking  ; 
considerably  larger  amounts  are,  of  course,  needed  for  washing  and 
laundry  purposes.  The  estimate  given  by  Parkes  is  12  gallons  per 
head  for  ordinary  domestic  use,  with  4  additional  gallons  for  general 
baths,  and  9  gallons  for  water-closet  purposes  and  unavoidable 
waste.  This  makes  a  total  of  25  gallons  per  head  for  ordinary 
household  supplies,  and  leaves,  on  a  basis  of  30  gallons  per  head, 
only  5  gallons  for  trade  and  municipal  purposes.  This  quantity  is 
likely  to  be  found  insufficient  in  many  manufacturing  towns,  and 
gives  but  scant  allowance  of  water  for  washing  streets,  fire  extin- 
guishing purposes,  etc.  The  average  amounts  supplied  in  London 
hare  varied  in  recent  years  frOm  30  to  35  gallons  per  head  daily,  but 
some  of  this  undoubtedly  represents  waste.  In  Glasgow  and  in  a  few 
other  cities  considerably  larger  quantities  are  supplied.  A  formula 
of  some  use  in  connection  with  the  discharge  from  water  supply  pipes 
may  be  here  referred  to.   The  discharge  W  in  cubic  feet  per  minute  is 

4-72  -v/^i^^^  H  being  the  head  of  water,  L  the  length  of  pipe  the 

water  flows  through  in  feet,  and  D  its  diameter  in  inches.    It  will 

«  /L  X  W 

be  found  that  D  =  '538  /|/  — g--  • 

Rain-water  possesses  the  great  advantage  of  being  a  soft  water, 
and  if  due  care  be  taken  as  regards  collection,  it  contains  but  little 
added  impurity.  From  what  has  been  said  already,  it  will  be  clear 
that  recourse  must  be  had  to  other  means,  than  the  mere  collection 
of  rain,  for  the  water  supply  of  communities. 

Upland  surface  water  nearly  approaches  rain-water  in  respect 
of  the  advantages  already  named  ;  it  is  likely,  on  the  other  hand,  to 
contain  more  dissolved  solid  matters,  and  sometimes  yields  evidence  of 
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tlie  presence  of  considerable  quantities  of  organic  matter,  whicli  may  be 
expected,  however,  to  be  rather  of  vegetable  than  of  animal  origin. 
Several  large  English  towns  have  in  recent  years  provided  themselves 
with  water  collected  upon  "  catchment  areas  "  in  hilly  districts,  utilis- 
ing lakes,  and  where  necessary  raising  their  water  level,  and  causing 
the  natural  area  of  the  reservoir  to  be  thus  considerably  extended,  by 
the  construction  of  dams  of  masonry.  Such  waters  are  eminently 
soft  and  possess  great  purity  ;  peaty  matter  is  sometimes  present 
in  considerable  quantities,  and  the  attempt  has  been  made  to 
improve  the  character  of  such  peaty  waters  by  filtration. 

In  some  towns  in  the  north  of  England  water  derived  from  luoor- 
land  sources  has  given  rise  to  lead  poisoning  in  persons  who  have 
consumed  it.  In  places  in  which  symptoms  of  plumbism  have  been 
observed  it  has  been  found  possible,  by  treatment  of  the  water 
before  delivering  it  to  the  consumer,  to  materially  diminisli  the 
risk  of  such  occurrence  (See  p.  115). 

River  Water. —Many  large  towns  derive  their  supplies  from 
streams,  liable,  in  a  greater  or  less  degree,  to  pollution  by  trade 
effluents  and  raw  sewage,  or  by  sewage  effluents  which  have  under- 
gone more  or  less  satisfactory  forms  of  treatment  before  being  dis- 
charged into  the  water  course.  Moreover,  river  waters  are,  as  a  rule, 
hard  waters,  and  they  are  thus  ill  adapted  for  manufacturing  purposes, 
and  are  subject  to  other  disadvantages  incidental  to  the  use  of  liard 
waters,  which  will  be  presently  referred  to.  Much  stress  has  been 
laid  upon  the  self-purifying  properties  of  river  water.  The  dilution 
of  any  added  impurity  is,  in  some  instances,  so  great  as  to  make 
demonstration  of  the  fact  that  it  has  been  added  very  difficult,  and 
it  has  been  supposed  that  water  plants,  and  forms  of  animal  life 
present  in  the  river,  would  materially  assist  in  freeing  the  water  from 
traces  of  impurity,  and  that  processes  of  oxygenation  would  notably 
operate  in  a  similar  direction ;  it  has  been  further  contended  tliat 
the  influence  exerted  by  light  upon  any  pathogenic  micro-organisms 
which  may  have  obtained  access  to  the  water,  must  be  an  import- 
ant factor  in  controlling  risk  of  spread  of  specific  disease.  Tlie 
Rivers  Pollution  Commissioners,  however,  as  the  result  of  their  in- 
quiries, were  led  to  the  conclusion  "  that  there  is  no  river  in  tlie 
United  Kingdom  long  enough  to  effect  the  destruction  of  sewag«;  by 
oxidisation."  The  spread  of  cholera  and  enteric  fever  in  several 
well-attested  instances  has  abundantly  shown  that,  under  ordinary 
circumstances,  but  little  reliance  can  be  placed  upon  the  self-purify- 
ing powers  of  river  water. 

A  good  deal  lias  been  done  of  late  years  in  the  way  of  improving 
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the  character  of  the  water  derived  from  streams  by  processes  of 
sedimentation  and  filtration  through  sand.  It  is  an  undoubted  fact 
that  an  average  sample  of  river  water  can  be  deprived  of  the  majority 
of  the  micro-organisms  it  contains  by  carefully  conducted  sand  filtra- 
tion. The  efficiency  of  such  filtration  can  be  materially  increased 
by  controlling  the  rate  at  which  the  water  percolates,  and  by  paying 
attention  to' the  mode  of  construction  of  the  sand  filters. 

The  operation  of  the  filter  has  been  shown  by  Koch  to  depend,  in 
the  main,  upon  the  formation  of  a  slimy  membranous  deposit  upon 
the  surface  layers  of  the  sand.     This  deposit  consists  largely  of 
intercepted  bacteria,  and  the  number  of  germs  which  penetrate 
into  the  deeper  layers  of  sand  is,  under  ordinary  circumstances; 
exceedingly  small.    The  slimy  film  is  only  formed  after  the  watei^ 
has  stood  on  the  sand  for  a  number  of  hours,  and,  with  the  lapse 
of  time,  its  interference  with  the  rate  of  filtration  becomes  so  con- 
siderable that  it  has  to  be  removed.    This  is  efi'ected  by  scraping  the 
surface  of  the  sand  and  supplying  fresh  sand,  or  in  some  instances 
the  plan  adopted  is  to  wash  the  sand  removed,  with  water  from  a 
hose,  and  to  then  re-apply  the  sand  to  the  surface  of  the  filter.  After 
scraping,  the  water  yielded  by  the  filter  is,  for  a  time,  rich  in  micro- 
organisms, and  Koch  has,  therefore,  recommended  that  the  water 
first  coming  through  should  be  discarded,  and  that  the  filtrate  should 
not  have  access  to  the  filter-well,  which  supplies  the  reservoir,  until 
the  slimy  deposit  on  the  surface  of  the  sand  has  had  time  to  again 
form.      Koch  further  recommended  that  the  rate  of  filtration' 
should  not  exceed  100  millimetres  (200,000  gallons  per  acre)  per 
hour,  that  the  thickness  of  the  sand  should  never  be  less  than 
30  centimetres,  that  each  filter  should  be  bacteriologically  tested 
every  day,  and  that  the  water  supplied  by  any  filter  which  was 
found  to  yield  more  than  100  micro-organisms  per  cubic  centimetrei 
should  be  rejected.    "Where  such  precautions  are  adopted,  the  risk  of 
spread  of  disease  by  use  of  water  which  has  been  previously  exposed 
to  sewage  contamination  can  be  materially  lessened,  but  there  is 
always  the  chance,  that  some  interference  Avith  the  process  of  filtra- 
tion such  as  has  been  observed  in  Germany  in  times  of  frost,  and  in 

connection  with  the  scraping  of  the  surface  of  filters  and  their 
immediate  use  without  special  precautions  after  such  scraping—  may 
permit  of  the  passage  through  the  filter  of  enteric  fever  or  cholera 
organisms.  In  some  instances  it  has  been  thought  to  make  assurance 
doubly  sure  by  further  filtration,  and  the  plan  of  collecting  subsoil 
water  from  land  adjoining  streams  has  been  recommended,  such 
subsoil  water  being,  after  collection,  conveyed  to  filter  beds,  and 
tliUH  made  to  undergo  a  second  filtr.ltion. 
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Under  ordinary  circumstances,  by  the  adoption  of  the  means  just 
described,  river  water  yielding  very  small  numbers  of  organisms  of 
any  kind — and,  of  course,  the  vast  majority  of  the  contained  organ- 
isms, under  ordinary  circumstances,  have  no  pathogenic  property — can 
be  supplied  to  town  populations.  Special  difficulty  is,  however,  ex- 
perienced in  dealing  with  flood  waters.  If  a  water  company  possesses 
large  subsidence  reservoirs,  and  has  sufficient  storage,  the  worst 
of  the  flood  can  be  allowed  to  pass  down  the  river,  and  such  water 
as  is  taken  can  be  allowed  to  stand  in  the  subsidence  reservoirs, 
until  it  is  in  a  condition  in  which  a  fair  result  can  be  obtained 
on  further  subjecting  it  to  adequate  filtration.  These  conditions 
are  not,  as  yet,  generally  realised  in  actual  practice.  In  the 
forty-ninth,  fiftieth,  and  fifty-first  weeks  of  the  year  1894  there 
was  notable  increase  in  the  number  of  notified  cases  of  entei-ic 
fever  in  London,  and  this  increase  followed  shortly  after  the 
occurrence  of  exceptional  fl.oods  in  the  Thames  and  Lea  valleys 
in  the  forty-sixth  and  forty-seventh  weeks  of  the  same  year.  The 
water  consumed  immediately  after  the  occurrence  of  these  floods 
contained  an  excessive  amount  of  organic  matter  (Memorandum 
appended  to  the  Third  Annual  Report  of  the  Medical  Officer  of  the 
County  of  London). 

Springs  and  Wells. — Springs  and  surface  wells  are  the  main 
sources  of  supply  relied  upon  in  sparsely  populated  areas,  and  in 
days  when  large  schemes  for  water  supply  were  not  undertaken,  the 
need  of  being  able  to  readily  obtain  water,  from  local  sources,  led 
to  the  extension  of  towns,  mainly,  in  directions  in  which  the 
lie  of  the  land  was  such  as  to  render  it  possible  to  obtain  water  from 
shallow  wells.  London  itself  is  a  striking  instance  of  this,  as  until 
early  in  the  last  century  the  only  parts  of  the  area  now  constituting 
London  which  were  populated,  were  those  in  wliich  superficial  beds 
of  gravel  overlie  the  London  clay,  and  in  wliich  it  was  possible 
therefore  to  obtain  a  supply  of  water  by  means  of  shallow  wells,  or 
to  utilise  the  springs  existing  in  places  where  the  gravel  terminated, 
and  water,  upheld  by  the  underlying  clay,  flowed  out  at  the  surface. 

In  1835  the  famous  well  of  Grenelle  was  bored  in  Artois,  in 
France,  through  the  superficial  strata  into  the  underlying  pervious 
strata,  and  the  reservoir  of  water  in  the  latter  was  thus  tapped- 
Since  that  time  many  of  these  deep  "  artesian  wells,"  as  they  are  called, 
have  been  constructed,  and  if  the  point  at  which  such  a  well  is 
sunk  be  situated  in  a  valley,  having  beneath  it  underlying  pervious 
.strata  so  disposed  as  to  form  a  kind  of  basin,  the  level  of  tlie 
underground  water  in  these  strata  may  be  considerably  higher  than 
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the  level  of  the  mouth  of  the  well.  Thus  the  water  in  the  well 
at  Artois  rose  some  60  feet  above  the  surface  of  the  ground  when 
the  boring  had  reached  a  depth  of  about  1,800  feet. 

The  way  in  which  this  comes  about  is  illustrated  in  Fig.  26,  in 
which  B  is  an  ordinary  deep  well,  penetrating  through  the  im- 
permeable layers  EE,  and  tapping  the  water  bearing  strata  FF. 
C  is  an  overflowing  artesian  well,  the  mouth  of  which  is  considerably 
below  the  level  a  -  -  - «  of  the  underground  Avater  in  FF.  A  well  such 
as  that  shown  in  the  Figure  at  D,  which  is  merely  sunk  into  a  super- 
ficially lying  porous  bed  of  sand  or  gravel,  contkiiiing  water  held  up 
by  an  underlying  impermeable  layer,  is  termed  a  shallow  well; 
such  shallow  wells  are  usually  less  than  50  feet  deep. 


Fia.  26. 

o  a,  line  of  saturation  or  level  of  underground  vrater  in  deeper  pervious 

strata,  F  F.    A,  spring  cropping  out  above  impervious  strata,  E  E.  B,  deep  well,  and 

C,  over-flowing  artesian  well,  bored  through  impervious  into  pervious  strata,  F  F. 

D,  shallow  or  surface  well,  sunk  into  over-lying  pervious  strata,  F. 

■Deep  wells  are  sometimes  carried  as  far  as  1,000  feet  or  more 
below  the  surface.  The  shallow  wells,  which  formerly  served  for  the 
supply  of  a  large  part  of  the  population,  and  wliich  are  still  common 
in  rural  districts,  Avere  not  constructed  with  a  view  to  preventing 
the  entry  of  water,  which  had  not  been  adequately  filtered  by 
the  material  surrounding  the  well.  They  for  the  most  part  either 
possessed  no  special  lining  of  brickwork  at  all,  or  were  merely 
"  dry-steined,"  the  lining  of  brickwork  being  arranged  in  such 
a  way  as  to  secure  a  maximum  yield  of  water.  They  were  tlius 
subject  to  pollution  by  surface  drainage,  and  tliey  were  in  many 
instances  situated  in  close  proximity  to  cesspools.  They  were,  more- 
over, liable  to  be  contaminated  by  receiving  impurity  through  the 
mouth  of  the  well.  Such  wells  have  been  shown  in  many  instances 
to  have  acted  as  agents  for  the  dissemination  of  disease. 

If  a  shallow  well  is  used  at  all,  it  should  be  placed  at  a  distance 
from  sources  of  pollution,  be  protected  against  surface  washings , 
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and  be  closed  over  so  as  to  avoid  the  chance  admission  of  impurity 
from  above.  The  sides  of  the  well,  for  at  least  20  feet  from  the 
surface,  should  be  constructed  of  brickwork,  set  with  hydraulic 
cement,  so  as  to  be  imper^•ious  to  water ;  iron  cylinders  are  some- 
times employed  in  the  upper  part  of  the  well.  Koch  recommends 
that  such  iron  tubes  should  be  used,  and  that  the  space  surrounding 
them  should  be  completely  filled  in  with  clean  gravel  or  sand,  the 
water  being  raised  to  the  surface  by  means  of  a  pump. 

Deep  wells  are  usually  constructed  by  digging  to  some  depth,  and 
then  boring  until  the  pervious  strata  it  is  intended  to  reach  are 
tapped ;  precautions  must,  of  course,  be  taken  with  a  view  to  render- 
ing the  upper  part  of  the  well  imper\aous,  so  that  water  from  the 
deep  strata  only  can  have  access  to  the  well.  In  many  instances 
horizontal  adits  are  driven  from  the  bottom  of  an  excavation,  with  a 
view  to  penetrating  water-bearing  strata,  and  the  amount  of  water 
obtainable  is  likely  to  be  considerably  increased  when  an  adit  strikes 
a  fissure  in  such  strata.  In  the  chalk,  more  particularly,  fissures  yield- 
ing considerable  quantities  of  water  may  be  struck  ;  there  is  always, 
of  course,  a  possibility  that  material,  which  has  been  subjected  to 
little  if  any  purification  by  filtration  through  the  ground,  may,  hy 
obtaining  access  to  a  fissure,  find  its  way  into  the  well.  Deep  wells 
are  utilised  largely  for  trade  purposes  and  for  supplying  isolated  insti- 
tutions, asylums,  prisons,  schools,  etc.  The  quantity  of  water  yielded 
by  them  is  likely  to  prove  insufficient  for  large  populations,  though 
they  are  in  many  instances  employed  to  supplement  supplies  derived 
from  other  sources. 

The  water  from  a  deep  well  yields,  •  as  a  rule,  very  little 
organic  matter,  but  it  may  contain  iron  and  mineral  salts  in  con- 
siderable quantity,  and  it  is  apt  to  be  a  hard  water.  Chalk  water 
and  waters  from  the  oolite  are  hard,  but  their  hardness  is  mainh* 
temporary,  and  they  are  usually  bright,  sparkling,  and  charged 
with  carbonic  acid.  In  limestone  and  sandstone  waters  the  total 
hardness  is  generally  high,  and  there  may  be  a  considerable  amount 
of  permanent  hardness.  Deep-well  waters  may  contain  sufficient 
ciuantities  of  magnesium  or  calcium  sulphates,  or  other  salts,  derived 
from  the  strata  through  Avhich  the  water  passes,  to  render  tliem 
unfit  for  potable  purposes.  Excess  of  nitrates  may  be  found  in  w  ell 
water,  apart  from  previous  contamination  witli  organic  matter,  in 
cases  in  which  nitrates  are  present  in  the  soil  and  can  thus  be  dis- 
solved out  of  it  by  the  water. 

The  water  from  shallow  wells  is  generall}'^  impure,  though  often 
bright  and  sparkling  in  appearance,  and,  it  may  be,  pleasant  to  the 
taste.     The  organic  matter  may  be  ex-cessive,  and  the  amount  of 
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oxidised  nitrogen  high.  Calcium  and  sodium  nitrites  and  nitrates 
are  often  pi'esent  in  polluted  surface-well  water.  Wells  sunk  near 
cemeteries  are  apt  to  contain  excess  of  ammonia  and  organic 
matter;  if  the  cemetery  has  been  long  disused  these  impurities 
may  exist  in  only  small  amounts,  but  the  quantity  of  chlorine 
and  of  nitrates  or  nitrites  is  likely  under  these  circumstaaices  to 
be  considerable. 

Impurities  of  Distribution. — In  addition  to  the  impurities 
derived  at  its  source  or  on  its  way  to  the  reservoirs,  water  is 
liable  to  be  contaminated  in  various  ways  in  the  course  of  distri- 
bution. In  particular,  the  practice  of  laying  water  mains  and  sewers 
in  proximity  to  one  another  is  apt  to  render  the  water  of  a  leaky 
main  subject  to  contamination  by  sewage.  Where  the  inter- 
mittent system  of  supply  has  been  in  force,  foreign  material  has  at 
times  been  sucked  into  water  mains  in  which  some  defect  existed, 
and  has  then  been  delivered  with  the  water  from  taps.  Under 
such  circumstances  sewage,  coal  gas,  and  other  impurities  have  been 
found  to  issue  from  taps  within  houses.  It  was  thought  that  with 
the  introduction  of  the  constant  system  of  supply  such  evils  would 
be  altogether  remedied,  but  experiments  have  shown  that  a  water 
main,  "  running  full,"  will  suck  up  impurity  from  the  surrounding 
ground,  if  a  defect  in  the  pipe  gives  opportunity  for  such  an  accident 
to  occur  ;  disease  is  therefore  still  liable  to  be  transmitted  by  such 
insuction  to  the  consumers  of  water,  even  when  they  enjoy  the 
advantages  of  a  "  constant  supply,"  though,  under  such  circumstances, 
this  source  of  danger  is  very  materially  lessened. 

The  intermittent  service  entails  of  necessity  storage  of  water 
in  houses,  and  cisterns,  unless  they  be  consti-ucted  of  suitable 
material  such  as  slate  or  galvanised  iron,  be  placed  in  a  position  in 
which  they  are  not  liable  to  receive  added  impurity,  and  be  designed 
so  that  means  of  access  of  sewer  air  to  them  are  precluded,  are 
likely  to  themselves  cause  pollution  of  the  contained  water.  Leaden 
cisterns  may  yield  lead  to  the  water,  iron  cisterns  discolour  it,  and 
zinc  is  sometimes  taken  up  by  water.  A  cistern  which  contains 
water  used  for  drinking  purposes,  should  never  communicate  directly 
with  a  water  closet.  Impurity  lias  been  transmitted  to  the  mains 
where  this  condition  of  things  has  existed,  as  will  presently  be  seen. 
Again,  sewer  gas  sometimes  obtains  access  to  cisterns,  owing  to  the 
overflow  pipe  being  carried  directly  into  a  drain  Tlie  overflow 
pipe  should,  of  course,  be  taken  out  into  the  open  air,  and  made 
to  serve  as  a  "warning  pipe."  In  any  case  a  cistern  should  be 
placed  in  such  a  position  that  it  is  easily  accessible  for  cleansing 
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purposes,  and  it  should  be  cleaned  out  at  least  once  every  three 
months. 

The  constant  service  has  been  largely  substituted  for  the  inter- 
mittent service  in  many  large  towns  within  recent  years.  With 
the  former  the  house  pipes  are  subjected  to  higher  pressure,  and 
more  expensive  fittings  must  be  used ;  moreover,  there  is  greater 
tendency  with  this  service  to  waste  of  water,  OAving  to  negligence 
on  the  part  of  consumers  who  leave  taps  running ;  again,  with  the 
higher  pressure  there  is  greater  likelihood  of  loss  occurring  from 
escape  of  water  through  leaky  mains.  By  the  use  of  Deacon's,  or 
other  forms  of  waste-water  meters,*  such  defects  in  mains  may  be 
discovered  and  remedied ;  and  if  proper  fittings  are  pro^■ided  in 
houses,  and  a  reasonable  amount  of  care  is  exercised  by  the  in- 
habitants, this  waste  can  be  to  a  very  large  extent  controlled.  No 
doubt  in  the  past  the  waste  from  one  or  other  cause  has  been  excessive, 
and  this  has  led  in  times  of  drought  to  failure  of  the  constant 
service.  When  this  has  happened,  in  places  where  the  use  of  cisterns 
has  been  discontinued  upon  the  establishment  of  the  constant  service, 
serious  inconvenience  has  resulted.  In  any  case  cisterns  are  required 
for  the  purjjose  of  flushing  water-closets  and  for  supplying  kitchen 
boilers,  and  there  is  advantage  in  possessing  some  means  of  storing 
water,  in  order  tliat  the  household  supply  shall  not  wholly  fail,  at 
times  when  the  water  has  to  be  cut  off  for  the  repair  of  mains,  etc., 
or  in  consequence  of  the  freezing  of  pipes,  or  other  such  exceptional 
occurrence.  It  has-  been  suggested  that  to  meet  difficulties  of  this 
nature  it  is  desirable  to  have  a  form  of  cistern  consisting  of  an 
expansion  of  the  service  pipe,  constructed  in  such  a  way  as  to 
exclude  the  possibility  of  the  entrance  of  dirt  and  of  accumulation 
of  deposit  from  the  water  itself.  Cisterns  have  been  designed,  more- 
over, provided  with  an  arrangement  Avhich  will  admit  of  the  removal 
from  time  to  time  of  any  deposit  which  may  collect.  In  any  case 
it  is  desirable  that  the  ordinary  domestic  supply  should  be  taken 
direct  from  the  main,  and  that  the  cistern  should  only  be  brought 
into  use  if  it  is  needed. 

Another  important  question  which  has  to  be  considered  in  connec- 
tion with  the  distribution  of  water  is  the  possibility  of  symptoms  of 
plumbism  being  developed  in  association  with  the  use  of  lead  pipes. 
Waters  which  contain  a  considerable  amount  of  earthy  salts  do  not, 

*  Water  meters  either  register  the  number  of  times  a  cylinder  of  known 
capacity  is  filled,  or  alternatively  the  amount  consumed  is  inferred  from 
the  velocity  of  flow  registered  by  the  meter.  The  auscultation  of  water 
pipes  is  of  considerable  use  as  a  means  of  localising  points  at  which  leakage 
occurs,  and  the  microphone  has  been  employed  with  a  like  object. 
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as  a  rule,  act  upon  lead ;  in  the  case  of  such  waters  a  protecting 
coat  of  carbonate,  or  of  other  salts  of  lead  or  of  calcium  or  mag- 
nesium, is  formed,  which  shields  the  lead  from  the  solvent  action 
of  the  water.  Free  carbonic  acid  is  also  said  to  exert,  as  a  rule,  a 
protective  influence,  and  importance  has  been  attached  to  the 
presence  of  silica  in  water,  as  rendering  it  unlikely  to  actively  dis- 
solve the  metal,  an  insoluble  lead  silicate  being  formed.  Pure,  soft, 
and  highly-oxygenated  waters  are,  on  the  other  hand,  likely  to  dis- 
solve lead ;  rain  water,  and  more  especially  certain  upland  surface 
waters,  have  been  found  to  possess  this  property  in  marked  degree. 
It  has  been  said  that  the  presence  of  organic  matter,  nitrites,  nitrates, 
and  chlorides,  favours  the  solvent  action  of  water.  The  condition, 
however,  which  appears  especially  likely  to  exert  this  influence 
is  that  the  water  should  contain  free  acid,  and  the  upland  surface 
waters  derived  from  moorlands  in  Yorkshire  and  Lancashire,  and 
supplying  peaty  Avaters  to  some  of  the  towns  in  those  counties,  have 
been  found  in  certain  instances  particularly  active,  especially  during, 
or  shortly  after,  periods  of  drought. 

It  has  been  shown  by  Power  and  Houston  that  the  solvent 
property  of  waters  varies  with  the  amount  of  their  acidity,  and 
has  definite  relation  to  the  season  of  the  year.  These  observers 
ascribe  the  acidity  of  the  water  to  the  activity  of  certain  bacteria, 
which  appear  to  find  favourable  conditions  for  their  develop- 
ment under  suitable  circumstances  in  peaty  soil.  In  Sheffield, 
in  which  town  the  question  of  lead  poisoning  by  water  has 
been  particularly  studied  by  Sinclair  White  and  others,  the 
plan  adopted  to  prevent  action  of  water  on  lead  pipes  is  to 
add  lime,  with  a  view  to  neutralising  any  acid  present  in  the 
water.  The  system  appears  to  have  been  found  efl'ectual.  Another 
method  of  dealing  Avith  the  matter,  which  has  been  suggested, 
is  to  use  block-tin  pipes,  or  to  line  the  leaden  pipes  with  tin, 
or  to  employ  iron  pipes ;  the  two  first-named  kinds  of  pipes  do 
not  appear  to  afford  security  against  solvent  action,  and  block-tin 
pipes  are  very  expensive.  Iron  pipes  are  satisfactory,  so  far  as 
obviating  risk  of  lead-poisoning  is  concerned,  but  they  are  apt  to 
become  blocked  by  rust. 

The  Purification  of  Water. — The  most  satisfactory  way  of 
purifying  water  is  to  distil  it,  and  this  plan  is  often  adopted  on 
board  ship,  or  in  cases  where  necessity  compels  the  use  of  a  doubtful 
water  for  drinking  purposes.  The  next  best  thing  to  do  is  to  boil 
the  water.  So  far  as  is  known,  all  pathogenic  bacteria  which 
have  been  found  in  water  are  destroyed  by  exposure  for  some 
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minutes  to  boiling  temperature.  If  it  is  desired  to  render  water 
absolutely  sterile  it  may  have  to  be  subjected  to  more  than  one 
boiling  process,  as  certain  spores  are  able  to  resist  the  action  of 
boiling  water  for  a  considerable  time;  reliance  must  therefore  be 
placed  upon  first  affording  such  spores  the  opportunity  of  sprouting,  and 
then  destroying  the  less  resistant  bacteria  which  develop  from  them. 

For  the  treatment  of  hard  waters  numerous  processes  of  purifica- 
tion have  been  devised.  Clark's  process  is  sometimes  applied  on  a 
large  scale  to  public  water  supplies ;  it  consists  in  adding  Hme  to  the 
water,  in  such  quantity  as  to  cause  the  calcium  bi-carbonate  to  be 
completely  decomposed,  forming  calcium  carbonate ;  the  carbonates^ 
being  practically  insoluble,  are  thus  precipitated.  Care  must  be 
taken  not  to  add  excess  of  lime,  above  the  amount  required  to  com- 
bine with  the  carbonic  acid  and  thus  convert  the  calcium  bi-carbonate 
into  carbonate.  The  precipitate  of  carbonate  of  lime  is  either 
allowed  to  settle  or,  as  in  the  Pm'ter-Glarh  2Jrocess,  is  removed  by 
filtration  through  filter-presses.  These  processes  deal  only  with  the 
temporary  hardness ;  if  it  be  desired  to  reduce  the  permanent 
hardness  also,  caustic  soda  is  employed  in  conjunction  with  lime. 

Domestic  filters  were  at  one  time  largely  recommended  and  used 
with  the  object  of  purifying  water.  The  fact,  that  wool,  flannel, 
a  piece  of  sponge,  charcoal  in  powder  or  compressed  into  blocks, 
and  certain  compounds  of  iron,  possess  the  property  of  removing 
impurities  from  water,  was  noted,  and  here,  it  was  thought,  was 
a  means  ready  to  hand  of  enabling  consumers  of  Avater  of  doubtful 
character  to  protect  themselves  against  any  possibility  of  incurring 
risk.  Many  forms  of  domestic  filter  Avere  designed.  In  some  of 
them  the  materials  used  were  those  above  mentioned,  in  others 
various  patented  preparations  were  employed ;  the  principle  relied 
upon  was,  however,  for  the  most  part,  the  same  in  all  these  filters. 
The  immediate  result  produced  was  in  many  cases  satisfactfliry,  but 
it  was  found  that  after  a  time  the  filter  failed  to  improve  the 
cliaracter  of  the  water. 

Recent  investigations  have  shown  that  these  forms  of  filter,  as 
ordinarily  used,  are  a  source  of  danger  rather  than  of  security.  The 
filter  becomes  in  many  instances  an  actual  breeding-ground  for 
organisms,  and  under  these  circumstances  the  water,  after  filtration, 
may  be  more  highly  charged  witli  impurity  than  was  originally  the 
case.  Animal  charcoal  is  a  particularly  unsatisfactory  filtering 
agent,  as  it  speedily  loses  its  property  of  oxidising  dissolved  organic 
matter,  and,  moreover,  adds  to  the  water  passing  through  it  phospliate 
of  lime,  and  thus  renders  it  a  medium  favourable  for  the  growtli 
of  bacteria.    Filters  wliich  contain  spongy  iron,  polarite,  asbestos, 
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etc.,  are  less  open  to  objection ;  again,  silicated  carbon  and  magnetic 
carbide  are  materials  Avhich  have  been  recommended  for  use  in  filters. 
In  Bischoff's  spongy  iron  filter,  spongy  iron  and  oxide  of  manganese 
are  employed,  an  asbestos  cloth  being  also  used  to  prevent  impurity 
passing  through  the  filter.  No  reliance  can  be  placed  upon  the 
continuous  action  for  a  length  of  time  of  such  filtering  media, 
and  they  can  only  be  recommended  for  the  purpose  of  tiding  over 
emergencies ;  they  should  in  any  case  be  freed  from  impurity  before 
freshly  bi'inging  them  into  use. 

The  most  satisfactory  kinds  of  domestic  filter  are 
those  introduced  in  recent  years,  in  which  an 
eai'thenware  cylinder  is  employed  ;  they  give  for 
a  time  a  filtrate  practically  free  from  micro- 
organisms, and  they  readily  admit  of  being  eff'ec- 
tually   sterilised  by  brushing  with  a  brush  in 

hot  water,  or  by  subjecting  them  to  the  action 

of  steam  or  to  that  of  direct  heat.    The  Pasteur- 

Chamberland  filter  consists  of   a  cai-:e  of  metal 

or  glass,  enclosing  a  cylinder  of  unglazed  porous 

porcelain  made  of  kaolin.    The  space  between  the 

outer  case  and  the  cylinder  is  capable  of  being 

placed  in  communication  with  an  ordinary  tap, 

supplying  water  under  pressure,  and  if  this  pres- 
sure be  one  of   about  two  atmospheres^ — as  is 

usually  the  case  in  an  ordinary  water  service — 

it  will  force  the  water  through  the  pores  of  the 

cylinder,  in  a  stream  delivering  at  the  rate  of  piQ.  27. 

about  three  quai-ts  per  hour.     The  filtrate  is  at   rasteur-Chamb  er- 

.,      ,  ,  ,  1  1-  1  land  Filter, 

first  quite  sterile,  but  the  rate  ot  delivery  be- 
comes reduced  after  a  time,  and  unless  the  filter  is  removed  and 
cleansed,  germs  are  apt  to  pass  through  the  porcelain  and  to  gain 
access  to  the  filtered  water. 

The  Berkefeld  filter  is  constructed  on  the  same  principle,  but  the 
filtering  cylinder  is  made  of  infusorial  earth.  It  effects  at  first  com- 
plete removal  of  all  bacteria,  but  after  a  time  germs  appear  in  the 
filtrate.  The  filtering  cylirtder  or  bbugie  is  more  fragile  than  the 
Pasteur-Chamberland  cylinder,  but  the  rate  of  filtration  is  said  to  be 
somewhat  more  rapid.  In  a  paper  by  Horrocks,  which  appeared  in 
the  British  Medical  Journal  of  June  15,  1901,  the  degree  of  protec- 
tion from  water-borne  disease  afforded  by  the  Pasteur-Chamberland 
and  Berkefeld  filters  is  discussed.  The  experiments  made  pointed  to 
the  conclusion  that  "  typhoid  bacilli  are  not  able  to  grow  through 
the  walls  of  a  Pasteur-Chamberland  candle,  and  if  proper  care  be 
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taken  to  prevent  the  direct  passage  of  the  bacilli  through  flaws  in 
the  material  or  imperfections  in  the  fittings,  the  Pasteur-Chamber- 
land  filter  ought  to  give  complete  protection  from  water-borne  enteric 
fever."  It  was  found,  on  the  other  hand,  that  "  typhoid  bacilli  can 
grow  through  the  walls  of  Berkefeld  candles  after  from  four  to 
eleven  days,"  and  hence,  "  in  order  to  obtain  complete  protection," 
it  is  necessary  "  to  sterilise  the  candles  in  boiling  water  every  third 
day." 

II. — The  Examination  of  Water. 

The  sample  of  water  for  purposes  of  analysis  is  usually  taken  in  an 
ordinary  "  Winchester  quart,"  which  holds  about  half  a  gallon ;  the 
bottle  must  be  thoroughly  cleansed,  rinsed  out  with  a  little  hydro- 
chloric acid,  and  then  repeatedly  washed  until  all  traces  of  acid  are 
removed.  At  the  time  of  collecting  the  sample  the  bottle  is  usually 
again  rinsed  out  with  some  of  the  water,  a  sample  of  wliich  is  to  be 
taken,  and  is  then  filled.  In  conducting  this  process  it  is  well  to 
make  sure  that  the  sample  is  taken  in  such  a  way  as  to  fulfil  the 
conditions,  which  are  likely  to  be  observed  by  persons  ha\-ing  recourse 
to  the  source  in  question  for  their  supply  of  water. 

There  are  certain  physical  characters  presented  by  water  to  which 
attention  must  be  directed.  Thus,  the  extent  to  Avhich  turbidity  is 
present  should  be  noted,  and  some  of  the  water  may  be  allowed  to 
settle,  with  a  view  to  collecting  sediment;  the  character  of  such 
deposited  material  may  afterwards  be  made  the  subject  of  study  in 
the  way  to  be  presently  described.  Again,  the  colour  of  the  sample  is 
generally  determined  by  examination  of  a  portion  of  it  in  a  two-  or 
three-foot  tube,  the  estimation  being  made  by  looking  through  the 
column  of  water  at  a  white  surface.  If  the  water  be  perfectly  pure  it 
is  quite  clear,  or  has  a  slight  bluish  or  greyish  tint;  any  variation  from 
this,  in  the  direction  of  yellowish  or  brow]iish  appearance,  raises 
suspicion  as  to  the  character  of  the  Avater,  though  such  variation 
may  be  due,  of  course,  to  the  presence  of  peaty  matter,  or  of  salts  of 
iron.  The  lustre  of  the  sample  of  water  is  said  to  indicate  tlie 
amount  of  aeration  ;  it  may  vary  from  what  is  described  by  the  terms 
nil  or  dull  up  to  vitreom,  or  to  the  maximum  brightnes.s,  which  is 
termed  adamantine.  The  ttiste  of  the  w^ater  may  afford  information, 
though  it  is  advisable  to  know  something  of  the  sample  l)efore 
making  use  of  this  test.  Its  main  value  lies  in  the  fact  that  it 
facilitates  detection  of  iron,  whicli  gives  appreciable  taste  to  water 
wlien  present  to  the  extent  of  only  about  a  quarter  of  a  grain  in 
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100,000  parts.  Salt,  on  the  other  hand,  may  occur  in  very  con- 
siderable amounts  without  causing  its  presence  to  be  appreciated. 
What  is  ordinarily  spoken  of  as  the  taste  of  water  is  mainly  due  to 
the  gases  dissolved  in  it.  The  sense  of  smell  may  be  best  applied  after 
warming  a  little  of  the  water,  when  it  may  be  found  that  an  odour 
indicative  of  putrefying  organic  matter  can  be  distinguished. 

Determination  of  the  Chlorine.— One  of  the  chemical  tests 

most  commonly  applied  to  water  is  the  estimation  of  the  amount  of  com- 
bined chlorine.  In  rain  water  this  does  not  exceed,  as  a  rule,  "5  part  per 
100,000,  and  the  purest  waters  do  not  contain  more  than  about  three 
times  this  amount.  In  sea  water  there  are  some  1,800  or  .1,900  parts 
of  chlorine  per  100,000,  and  water  obtained  from  tidal  rivers,  from 
deep  wells  near  the  sea  coast,  or  fx-om  wells  penetrating  strata  which 
contain  deposits  of  salt,  may  contain  considerable  quantities  of 
chlorine.  Another  possible  source  of  chlorine  is  sewage  contamina- 
tion, and  it  is  for  this  reason  that  the  estimation  of  the  amount 
present  in  water  is  important.  The  difficulty  is,  however,  suppos- 
ing a  considerable  quantity  is  found,  to  determine  whether  the 
chlorine  represents  organic  pollution,  or  is  merely  due  to  some  of 
the  other  causes  already  mentioned.  If  the  average  character  of 
the  waters  of  a  district,  from  which  a  particular  sample  is 
obtained,  is  known,  the  amount  of  chlorine  present  in  the  sample 
then  affords  a  valuable  indication  of  the  likelihood  or  unlikelihood 
of  the  water  being  dangerously  contaminated. 

The  ordinary  test  for  the  presence  of  chlorides  consists  in  the 
development  of  cloudiness,  due  to  precipitation  of  argentic  chloride, 
on  addition  of  a  solution  of  nitrate  of  silver.  This  cloudiness  is  not 
removed  by  a  drop  or  two  of  nitric  acid,  and  its  existence  can  be 
recognised  when  only  1^  parts  of  chlorine  per  100,000  are  present. 
The  test  can  be  made  a  quantitative  one  by  using  a  standard  solution 
of  argentic  nitrate  and  employing  a  few  drops  of  a  solution  of 
chlorine-free  chromate  of  potassium  as  an  indicator. 

The  standard  solution  is  run  into  a  measured  quantity  of  the 
sample  of  water,  which  is  continually  stirred,  until  the  point  is 
attained  at  which  a  permanent  orange-red  tint  appears  in  the  liquid. 
The  chlorine  has  then  all  combined  with  the  nitrate  of  silver,  and  on 
further  addition  of  one  or  two  drops  of  the  solution,  the  red  chromate 
of  silver  is  formed.  The  presence  of  the  few  drops  of  chromate  of 
potassium  thus  serv-es  to  indicate,  with  considerable  precision,  tlie 
stage,  in  the  process  of  addition  of  argentic  nitrate,  at  wliich  this 
change  commences.  If  the  standard  solution  be  so  made  that  each 
c.c.  corresponds  to  one  milligramme  of  chlorine,  the' amount  of  chlorine 
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per  100,000  parts  in  the  water  is  given  on  determination  of  the 
number  of  c.c.  of  silver  solution  used. 

If  the  water  be  initially  acid  in  reaction  it  should  be  neutralised, 
as  otherwise  the  red  chromate  of  silver  would  be  dissolved,  and  the 
A'alue  of  the  indication  observed  be  thus  interfered  with.  Again,  if 
very  small  quantities  of  chlorine  have  to  be  estimated,  it  is  Avell  to 
concentrate  the  water  before  commencing  operations. 

Determination  of  the  Hardness. — The  harcbiess  of  water 

is  of  great  importance  as  determining  its  suitability  for  use  in 
certain  trade  processes,  and  also  in  connection  with  waste  of  soap 
in  washing.  When  soap  is  mixed  with  pure  water  a  lather  is 
readily  obtained,  but  if  the  water  contains  lime,  magnesia,  etc.,  a 
certain  amount  of  soap  is  disposed  of,  in  forming  oleates  of  these 
bases,  before  any  lather  is  formed.  Free  carbonic  acid  also  unites 
with,  and  so  uses  up,  some  of  the  soap.  "  Hard  waters,"  i.e., 
those  which  contain  considerable  quantities  of  earthy  bases,  thus 
cause  great  waste  of  soap.  Furthermore,  "  soft  waters "  are  much 
more  suitable  for  making  tea,  coffee,  and  meat  extracts,  and  for 
various  cooking  processes,  than  "  hard  waters  "  are. 

If  a  hard  water  be  boiled,  a  deposit  is  formed,  and  the  hardness 
of  the  supernatant  fluid  is  found  to  be  diminished.  The  deposit 
usually  consists,  in  the  main,  of  carbonates  and  sulphates  of  lime 
and  magnesia,  which  Avere  held  in  solution  in  the  Avater  by  its 
contained  carbonic  acid ;  the  carbonic  acid  being  driven  off  by  heat 
on  boiling,  these  salts  are  precipitated.  Certain  salts,  principally 
sulphates,  chlorides,  and  nitrates  of  calcium  and  magnesium,  remain 
dissolved  in  the  water,  and  to  these  its  permanent  hardness  is 
due.  The  total  hardness  of  the  water  is  made  up  of  the  tern, 
poranj  or  removable  hardness,  that  removed  by  boiling,  plus  the 
permanent  hardness.  The  deposition  of  salts  from  hard  Avaters,  on 
boiling,  causes  incrustation,  or  formation  of  "  fur,"  on  the  surface  of 
boilers,  and  this  leads,  of  course,  to  loss  of  heat  and  may  cause  ex- 
plosions, and  thus  militates  seriously  against  the  use  of  such  Avaters. 
The  salts,  determining  the  permanent  hardness  of  Avater,  consisting 
as  they  do  mainly  of  alkaline  sulphates,  are  apt,  Avheii  present  in 
appreciable  amount,  to  render  the  water  ill  adapted  for  potable 
purposes.  They  cause,  in  some  instances,  digestive  disturbance,  and 
may  impart  definite  aperient  properties  to  the  Avater. 

The  estimation  of  the  hardness  of  Avater  is  usually  made  by  means 
of  Clark's  test.  A  standard  solution  of  soft  soap  is  titrated  Avitli  a 
measured  quantity  of  Avater  in  a  bottle  provided  Avith  a  stopper, 
which  is  inserted  in  order  that  the  contents  of  the  bottle  may  be 
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well  shaken  after  each  addition  of  soap  solution.  When  the  point 
is  reached  at  which  all  the  calcium,  magnesium,  etc.,  salts  have 
combined  with  the  soap,  forming  insoluble  oleates,  the  sound  yielded 
on  shaking  the  bottle  becomes  faint  and  soft,  and  a  lather  then 
commences  to  form.  The  addition  of  the  soap  solution  is  dis- 
continued when  about  a  quarter  of  an  inch  of  lather  is  developed, 
and  when  this  persists  for  five  minutes  on  placing  the  bottle  on  its  side. 
The  soap  solution  used  is  generally  of  such  strength  that  1  c.c. 
will  precipitate  1  milligramme  of  calcium  carbonate.  If  100  c.c. 
of  the  water  to  be  examined  have  been  taken,  and  the  number  of 
c.c.  of  soap  solution  required  to  produce  the  lather  estimated, 
1  c.c.  must  then  be  deducted  (this  being  the  quantity  of  soap 
solution  required  to  form  such  a  lather  with  100  c.c.  of  distilled 
Avater),  and  the  number  of  c.c.  remaining  represents  the  total 
hardness  in  100  c.c.  of  the  water.  This  number,  therefore,  gives 
the  hardness-  in  parts  per  100,000.  It  is  a  frequent  pi-actice  to 
express  the  hardness  in  "  degrees  on  Clark's  scale,"  one  degree 
corresponding  to  one  grain  of  carbonate  of  calcium  in  one  gallon, 
i.e.,  to  one  part  in  70,000. 

Sometimes  70  c.c.  of  water  instead  of  100  c.c.  are  employed  for 
shaking  with  the  standard  solution,  and  the  number  of  c.c.  of  the 
latter  used,  less  1  c.c.,*  then  gives  the  degree  of  hardness  on  Clark's 
scale.  If  the  hardness  of  the  Avater  examined  be  high  (exceeding 
16°  on  Clark's  scale),  the  precipitate  produced  interfei-es  with  the 
formation  of  the  lather,  and  the  hardness  is  apt  to  be  over- 
estimated. It  is  better  under  these  circumstances,  therefore,  to 
dilute  the  70  c.c.  of  water,  by  addition  of  an  equal  bulk  of  distilled 
water,  and  to  then  estimate  the  hardness  of  the  mixture,  deducting 
two,  instead  of  one,  from  the  number  of  c.c.  of  soap  solution  used. 
The  soap  solution  employed  should  be  comparatively  freshly  made, 
as  it  is  found  to  vary  in  strength  after  a  few  days. 

When  the  quantity  of  magnesia  in  the  water  is  large,  there  is 
liability  to  error.  Magnesia  has  a  tendency  to  form  double  salts, 
and  its  amount  cannot  be  so  precisely  determined,  therefore,  as  is  the 
case  with  lime  or  baryta.  Wanklyn  estimates  that  as  much  soap  solu- 
tion is  required  for  one  equivalent  of  magnesia  as  for  one  and  a  half 
equivalents  o*f  lime ;  the  magnesia,  moreover,  requiries  a  longer  time 
to  act.  When  there  is  much  magnesia  the  lather  formed  tends  to 
break  up  readily,  and  it  has  a  dirty  appearance,  which  distinguishes  it 


*  This  amount  being  taken  as  that  required  to  give  a  lather  with  distilled 
water.  When  100  c.c.  of  water  are  employed,  an  allowance  of  1"5  c.c. 
"for  lathering"  is  sometimes  made. 
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from  the  white  lather  ordinarily  observed.  If  this  phenomenon  is 
noted,  it  is  well  to  considerably  dilute  the  water  to  be  examined  and  to 
shake  the  bottle  vigorously,  in  order  to  facilitate  the  thorough 
combination  of  the  magnesia  with  the  soap. 

The  total  hardness  having  been  determined,  100  c.c.  of  the  water 
must  be  mixed  with  100  c.c.  of  distilled  water,  and  boiled  for  about 
half  an  hour ;  the  mixture  is  then  allowed  to  cool  and  the  deposit  to 
settle,  the  supernatant  water  is  poured  oflf,  the  sediment  being 
disturbed  as  little  as  possible,  and  its  bulk  is  made  up  to  exactly 
100  c.c.  with  distilled  water.  The  hardness  of  50  c.c.  of  the  mixture 
is  determined,  and  this  represents  the  permanent  hardness  of  100  c.c. 
of  the  original  water.  The  temporary  hardness  is  then,  of  course, 
the  difference  between  the  estimated  total  hardness  and  the 
estimated  permanent  hardness. 

Determination  of  the  Organic  Matter. — The  methods 

relied  upon  for  ascertaining  the  amount  of  organic  matter  contained 
in  water  are  based  upon  the  determination  of  the  carbonic  acid, 
ammonia,  or  nitrogen  yielded  in  the  decomposition  of  such  matter, 
or  upon  determination  of  the  amount  of  oxygen  absorbed  by  the 
contained  oxidisable  organic  matter. 

In  the  combitstion  process,  devised  by  Frankland,  the  amounts  of 
carbonic  acid  and  nitrogen  e\olved  when  the  dry  residue  from  a 
given  quantity  of  water  is  heated  in  vacuo,  in  a  combustion  tube,  with 
oxide  of  copper,  are  carefully  estimated.  The  residue  operated  upon 
is  obtained  by  evaporating  a  measured  quantity — usually  a  litre — of 
water,  to  which  a  small  amount  of  saturated  sulphurous  acid,  15  to 
20  c.c,  has  been  added ;  the  carbonates  are  thus  decomposed,  carbonic 
acid  being  expelled,  and  the  nitrogen,  contained  in  the  nitrates  and 
nitrites  present,  is  eliminated  as  nitric  oxide.  The  nitrogen  and 
carbon  existing  in  the  form  of  organic  matter  tlius  alone  remain 
to  be  burnt  with  the  oxide  of  copper,  and  tlie  quantities  of  the 
nitrogen  and  carbonic  acid  evolved  are  carefully  measured  volu- 
metrically,  and  the  results  are  expressed  in  terms  of  "  organic 
nitrogen  "  and  "  organic  carbon." 

"A  good  drinking  water,"  according  to  the  Rivel's  Pollution 
Commissioners,  should  not  3'ield  more  than  "2  part  of  organic 
carbon  or  -02  of  organic  nitrogen  in  100,000  parts.  Tlie  character 
of  the  contained  organic  matter  can,  to  some  extent,  be  determined 
by  the  proportion  the  organic  nitrogen  bears  to  the  organic  carbon ; 
if  the  carbon  is  high,  with  little  nitrogen,  this  is  said  to  be  indicative 
of  vegetable  pollution,  Avhile  the  nearer  the  nitrogen  approaches 
to  the  carbon  the  greater  is  the  probability  of  the  organic  matter 
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being  of  animal  origin.  This  combustion  process  is  a  complicated 
and  difficult  one,  and  is,  therefore,  rarely  used. 

A  much  simpler  process,  and  one  which  gives  results  which  are, 
for  practical  purposes,  little,  if  at  all,  inferior  to  those  obtained  by 
Frankland's  method,  is  what  is  knoAvn  as  Wankhjn's  ammonia  process. 
The  free  ammonia  contained  in  a  measured  quantity — usually  half  a 
litre— of  water  is,  in  the  first  place,  driven  off  by  distillation,  the 
distillate  being  collected  and  the  ammonia  contained  in  it  estimated. 
"When  some  200  c.c.  of  the  water  have  been  distilled  over,  all  the 
"free  ammonia"  is  exliausted.  The  next  step  is  to  add,  to  the 
remaining  300  c.c,  about  50  c.c.  of  alkaline  solution  of  permanganate 
of  potash,  and  the  distillation  is  again  proceeded  with.  Ammonia, 
derived  from  nitrogenous  organic  matter,  is  now  evolved,  and  the 
amount  of  this  "  albuminoid  ammonia,"  as  it  is  called,  is  determined. 

The  estimation  of  the  ammonia  distilled  over  is  effected  by  the  pro- 
cess known  as  "  Nesslerising."  Nessler's  reagent  is  a  saturated 
solution  of  mercuric  iodide  in  potassic  iodide,  made  with  ammonia- 
free  water  and  rendered  alkaline  with  caustic  potash.  This  solution, 
on  being  added  to  water  containing  ammonia,  gives  it  a  yellowish  or 
brownish  colour,  owing  to  the  formation  of  ammonio-mercuric  iodide. 
The  depth  of  coloration  produced  is  greater  the  larger  the  quantity 
of  ammonia  present,  and  by  comparing  the  tint  yielded  by,  say, 
50  c.c.  of  the  water,  with  that  yielded  by  a  corresponding  amount  of 
a  standard  solution  of  chloride  of  ammonium  (containing  -01  milli- 
gramme of  ammonia  in  1  c.c.)  the  quantity  of  ammonia  contained  in 
the  water  can  be  estimated.  In  making  this  comparison  two  cylin- 
drical flat-bottomed  "  Nessler  glasses,"  marked  at  50  c.c,  are  placed 
side  by  side  upon  a  dry,  white  slab.  In  one  of  them  50  c.c.  of  the 
sample  water,  and  in  the  other  the  same  amount  of  ammonia-free 
distilled  water  are  placed  ;  two  c.c.  of  Nessler's  reagent  are  added  to  the 
water  in  each  of  the  glasses,  and  the  tint  developing,  in  the  glass 
containing  sample  water,  is  precisely  matched  by  adding  to  the 
distilled  water  measured  quantities  of  the  standard  anmionium 
chloride  solution. 

In  distilling  the  half-litre  of  water  to  be  examined,  the  first 
50  c.c.  of  distillate  are  collected  in  a  Nessler  glass,  a  second 
glass,  then  a  third  and  fourth  and  fifth,  if  necessary,  being  sub- 
stituted to  catch  the  second,  third,  etc.,  amounts  of  50  c.c.  Avhich 
distil  over.  In  practice  it  is  found  that  the  first  50  c.c.  of  distillate 
contains  three-quarters  of  the  free  ammonia,  and  if  to  the  amount  of 
ammonia  estimated  to  be  present  in  this  first  50  c.c,  one-third  of  that 
amount  is  added,  the  total  gives  the  quantity  of  free  annnonia  con- 
tained in  the  half -litre  of  water.  If  the  water  contain  nmch  ammonia, 
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this  statement  is  not  strictly  true,  and  for  tliis  reason,  and  to  obviate 
any  possibility  of  error  arising  from  other  causes,  it  is  usual  to 
estimate  the  amount  of  ammonia  in  each  of  the  first  three  sets  of 
50  c.c.  which  come  over  (matching  the  tint  developed  in  each  against 
that  obtained  in  a  control  Nessler  glass  containing  distilled  water, 
to  which  ammonium  chloride  solution  is  added)  and  to  then  add 
together  the  amounts  determined.  If  an  appreciable  result  is 
obtained  with  the  third  sample  of  50  c.c,  a  fourth  quantity  of  dis- 
tillate must  be  collected  in  a  Nessler  glass,  and  the  amount  of 
ammonia  estimated ;  it  may  even  be  necessary  to  collect  a  fifth 
sample  of  50  c.c.  As  a  rule,  however,  in  drinking  waters,  the  first 
150  c.c.  distilled  over  contain  the  whole  of  the  free  ammonia  of  the 
half-litre  of  water. 

All  the  free  ammonia  must  be  exhausted  before  the  second  stage 
of  the  analysis  is  proceeded  with.  When  no  more  free  ammonia  is 
yielded,  50  c.c.  of  the  alkaline  permanganate  solution  (made  by 
dissolving  8  grammes  of  permanganate  of  potash  and  200  grammes 
of  caustic  potash  in  a  litre  of  distilled  water,  and  boiled,  shortly 
before  being  used,  for  five  minutes,  in  order  to  remove  any  trace  of 
ammonia)  are  added  to  the  water  remaining  in  the  retort,  and  the 
distillation  is  resumed.  The  nitrogenous  organic  matter  in  the  water 
is  now  in  part  decomposed,  its  nitrogen  being  converted  into 
ammonia,  and  this,  as  it  distils  over,  can  be  collected  and  Nesslerised 
as  before.  The  albuminoid  ammonia  comes  over  more  slowly  than 
the  free  ammonia ;  the  second  50  c.c.  of  distillate  sometimes  con- 
tain as  much  ammonia  as  did  the  first  50  c.c,  and  the  amount 
in  each  50  c.c.  must  be  carefully  estimated  as  long  as  the  quantity 
remains  appreciable. 

In  good  drinking  waters  the  amounts  of  free  and  albuminoid 
ammonia  are  generally  under  -002  and  -005  part  per  100,000  respec- 
tively. In  "  usable  "  waters  they  may  reach  -005  and  -01  part  per 
100,000  respectively.  If  the  free  ammonia  be  practically  nil,  the 
albuminoid  ammonia  may  somewhat  exceed  the  quantity  specified  ; 
while  if  the  albuminoid  ammonia  be  practically  nil,  the  limit  given 
for  free  ammonia  may  be  exceeded.  About  -615  part  of  albuminoid 
ammonia  per  100,060  parts  may  be  taken  as  equivalent  to  one  part  of 
Frankland's  organic  nitrogen  per  100,000.  When  the  albuminoid 
ammonia  comes  over  very  slowly,  this  is  said  to  indicate  a  vegetable, 
rather  than  an  animal,  origin  of  the  organic  matter. 

KjeldahVs  process  consists  in  distilling  down  half  a  litre  of  water 
to  about  300  c.c;  this  is  allowed  to  cool,  and  then  about  10  c.c. 
of  nitrogen-free  sulphuric  acid  are  added,  and  thoroughly  mixed 
with  the  water.  The  distillation  is  next  continued  until  the  residue 
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is  nearly  colourless,  and  at  this  stage  the  flask  is  removed  from 
the  flame,  and  a  little  powdered  potassium  permanganate  is  intro- 
duced. When  the  flask  has  cooled,  200  c.c.  of  distilled  water  free 
from  ammonia,  and  100  c.c.  of  the  alkaline  permanganate  solution 
employed  in  Wanklyn's  process,  are  added.  Distillation  is  commenced, 
and  the  distillate  is  carefully  Nesslerised.     The  amount  of  ammonia, 

yielded  is  multiplied  by  =  -824,  and  the  .product  gives  the 

"organic  nitrogen"  (excluding  oxidised  nitrogen)  contained  in  the 
water.  The  "organic  nitrogen"  of  the  Kjeldahl  process  is  usually 
found  to  be  about  twice  the  amount  of  nitrogen  determined  in  the 
form  of  albuminoid  ammonia. 

The  oxygen,  or  Forchammer's,  p-ocess  has  as  its  object  the  deter- 
mination of  the  quantity  of  oxygen  taken  up  from  permanganate  of 
potassium  by  the  organic  matter  of  the  water.*  A  standard  solution 
of  potassium  permanganate,  of  such  strength  that  10  c.c.  yield 
1  milligramme  of  oxygen,  is  employed,  and  an  estimation  is  made 
of  the  amount  of  oxygen  abstracted  from  the  permanganate  after 
the  lapse  of  one  and  three  hours  respectively ;  sometimes  half  an 
hour  is  substituted  for  one  hour  in  the  case  of  the  shorter  period, 
and  four  hours'  exposure  instead  of  three  are  often  given  for  the 
longer  period. 

Four  flasks,  two  of  which  contain  one-quarter  of  a  litre  of  the- 
water  to  be  examined,  and  the  other  two  one-quarter  of  a  litre  of  dis- 
tilled water,  are  taken,  and  are  placed  in  a  water  bath  and  maintained 
at  a  temperature  of  80°  Fahr. ;  to  each  of  them  10  c.c.  of  the  standard 
permanganate  solution  and  10  c.c.  of  a  standard  solution  of  dilute  sul- 
phuric acid  are  added.    If  the  water  is  very  foul  the  permanganate 
may  be  entirely  decolourised,  and  in  that  case  a  second  and,  if 
necessary,  a  third  10  c.c.  of  the  solution  must  be  added,  so  that  the 
liquid  in  the  flask  retains  a  pink  tinge  throughout.    After  the  lapse 
of  an  hour  one  of  the  flasks  containing  the  sample  water  and  one 
of  those  containing  distilled  water  are  examined,  to  ascertain  how 
much  permanganate  solution  remains  unacted  upon.    This  is  efl"ected 
hj  adding  2  c.c.  of  a  standard  solution  of  potassium  iodide  to  each 
flask,  free  iodine  beingthus  liberated  in  proportion  to  the  amount  of  per- 
manganate which  remains  undecomposed.t    The  amount  of  this  free 
iodine  is  determined  by  titrating  with  a  standard  solution  of  hypo- 
sulphite of  sodium,  containing  one  gramme  to  the  litre.    The  hypo- 

*  The  clecompositiou  of  the  permanganate  in  the  presence  of  the  organic 
matter  is  that  expressed  by  the  equation  4KMnO^  +  BHjiSO.,  =  2KjS0,,  -|- 
4MnS0,  -f-  6H3O  +  50j. 

t  K,Mn,0,  +  lOKI  +  8H,S0,,  =  2MnS0,,  +  (iK.SO,,  -|-  8H,0  -I-  51,. 
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sulphite  combines  with  tlie  free  iodine,*  and  the  yellow  colour  due 
to  the  iodine  gradually  disappears ;  when  it  is  nearly  gone  the  exact 
point  at  Avhich  the  last  trace  of  iodine  vanishes  is  determined  by 
adding  2  c.c.  of  starch  solution  to  the  contents  of  each  flask.  The 
blue  iodide  of  starch  is  formed,  and  more  hyposulphite  solution  is 
then  dropped  in  until  the  blue  colour  disappears. 

The  object  of  employing  a  control  flask  containing  distilled  water 
is  to  determine  the  strength  of  the  hyposulphite  solution  at  the  time 
when  the  water  analysed  is  tested,  the  hyposulphite  being  an  un- 
stable salt  and  very  liable  to  change.  In  the  case  of  the  distilled 
water,  the  number  of  c.c.  of  hyposulphite  solution  employed,  gives 
the  quantity  of  that  solution  equivalent  to  10  c.c.  of  the  standard 
solution  of  permanganate,  i.e.,  to  1  milligramme  of  oxygen.  This 
being  known,  the  amount  of  oxygen  absorbed  by  the  sample  water, 
which  corresponds  to  the  observed  difi'erence  between  the  quantities 
of  hyposulphite  solution  required  for  the  distilled  water  and  the 
sample  water,  can  be  determined.  Precisely  the  same  process  is 
applied  in  the  case  of  the  two  flasks  exposed  for  the  longer  period 
of  three  or  four  hours. 

Putrefying  animal  matter  is  readily  oxidised  by  potassium  per- 
manganate, and  the  flask  exposed  for  the  shorter  period  serves 
to  indicate  to  what  extent  such  material  is  present  in  the  water; 
the  flask  exposed  for  the  longer  period  testifies  to  the  total  amount 
of  organic  matter  present.  Nitrites,  ferrous  salts,  and  sulphuretted 
hydrogen  reduce  potassium  permanganate,  and  if  they  are  present 
in  the  water  allowance  must  be  made  for  the  fact  in  estimating 
the  organic  matter  by  this  process. 

A  water  is  regarded  with  suspicion  if  the  oxygen  consumed 
exceeds  -1  per  100,000  after  an  hour's  exposure,  or  -3  per  100,000 
after  four  hours'  exposure.  Peaty  Avaters,  however,  consume  con- 
siderable quantities  of  oxygen. 

Determination  of  the  Oxidised  Nitrogen. — When  the 

organic  matter  in  water  decomposes,  the  nitrogen  is  fii'st  converted 
into  ammonia,  and  this  becomes  subsequently  oxidised,  with  forma- 
tion of  nitrites  and  nitrates.  The  amount  of  these  s.alts  is  therefore, 
as  a  rule,  indicative  of  the  extent  to  whicli  organic  matter  lias 
been  originally  present  in  the  water.  Frankland  deducted  from 
the  total  amount  of  inorganic  nitrogen,  present  in  the  form  of 
ammonia,  of  nitrites  or  of  nitrates,  '032  part  per  100,000  as  being 
the  average  quantity  of  nitrogen  contained  in  rain-water,  and 


»  Ij  +  2NajS,03  =  2NaI  +  NajS.O,. 
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regarded  the  nitrogen  remaining  as  I'epresenting  "previous  sewage 
contamination."  The  nitrogen  in  rain-water  is,  however,  subject 
to  some  variation  ;  moreover,  when  the  matter  is  regarded  from 
Frankland's  standpoint,  all  soluble  nitrates  taken  up  by  water  are 
ascribed  to  sewage  contamination,  yet  ii>  the  case  of  water  from 
chalk  and  other  formations  appreciable  amounts  of  nitrates  may 
be  found  in  association  with  extremely  little  organic  matter.  In 
deep  well  waters  of  the  kind  in  question  the  pollution  is  presumably 
not  of  recent  origin,  and  to  speak  of  the  nitrates  present  as  indica- 
tive of  "  previous  sewage  contamination "  is  likely  to  give  rise 
to  misconception. 

The  formation  of  nitrites  constitutes  the  first  stage  in  the  oxida- 
tion of  nitrogen,  and  nitrites  speedily  tend  to  become  further 
oxidised  into  nitrates  ;  it  follows,  therefore,  that  if  nitrites  are  pre- 
sent nitrates  are  also  likely  to  be  found.  Nitrates  may,  however, 
exist  in  water  unaccompanied  by  nitrites.  The  presence  of  nitrites 
is  indicative,  as  a  rule,  of  recent  pollution,  and  hence  any  water 
containing  nitrites  must  be  regarded  with  suspicion. 

There  are  certain  tests  which  are  responded  to  by  both  nitrates  and 
nitrites ;  the  qualitative  test  commonly  used  is  the  Brucine  teat,  which 
is  applied  by  adding  a  drop  of  pure  sulphuric  acid  and  a  minute 
crystal  of  Brucine  to  the  dry  residue  of  2  c.c.  or  more  of  the  water. 
A  pink  colour  is  developed  if  very  minute  traces  of  oxidised  nitrogen 
be  present.  "When  the  quantity  existing  in  the  water  is  more  con- 
siderable, the  test  may  be  applied  in  an  ordinary  test-tube,  in  which 
a  few  drops  of  saturated  solution  of  Brucine  have  been  well  mixed 
with  half  a  test-tubeful  of  the  sample  water.  If  pure  sulphuric 
acid  be  poured  slowly  down  the  side  of  the  test-tube,  a  pink  tint 
is  developed  at  the  line  of  junction,  between  the  sulphuric  acid  and  the 
mixture  of  Brucine  solution  and  water  overlying  it.  In  performing 
this  test  the  test-tube  should  be  held  against  a  white  background, 
as  the  pink  tinge  soon  changes  to  brownish-yellow. 

The  quantitative  estimation  of  the  amount  of  oxidised  nitrogen 
in  water  may  be  made — 

(a)  By  the  echiminium  process,  in  which  the  water  is  made  strongly 
alkaline,  and  a  piece  of  aluminium  foil  is  then  placed  in  it  and  left 
for  some  hours ;  hydrogen  is  evolved,  the  oxidised  nitrogen  is  reduced, 
and  on  boiling  the  ammonia  formed  can  be  distilled  over  and 
estimated  by  Nesslerisation. 

{h)  By  the  zinc-copper  jrrocess,  in  which  the  oxidised  nitrogen  is 
reduced  to  the  form  of  ammonia,  by  employing  a  zinc-copper  couple, 
and  the  ammonia  thus  yielded  is  estimated  as  before. 

(c)  By  the  phenol-sulphuric  cicid  method,  in  which  phenol-sul- 
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phuric  acid  is  added  to  the  residue  obtained  from  10  c.c.  of  the  water, 
picric  acid  being  thus  formed.  If  nitrates  be  present  this  is  converted 
into  ammonium  picrate  on  the  addition  of  ammonia,  and  the  intensity 
of  the  yellow  colour  produced  is  matched  against  that  obtained  by 
treating,  in  a  similar  manner,  a  standard  solution  of  potassium  nitrate. 

(d)    By  the  indigo   method,  in  which  pure  sulphuric  acid  is. 
added   to  the  water,  liberating  nitric  and   nitrous   acids.  The 
amount  of  these  acids  is  then  estimated  by  testing  their  power  of 
discharging  the  blue  colour  from  a  weak  solution  of  indigo,  against 
that  of  a  weak  standard  solution  of  potassium  nitrate. 

The  quantitative  estimation  of  nitrites  is  usually  eflfected  by 
Griess's  test,  or  by  the  modification  of  it  known  as  Ilosvay's  test. 
In  perfoi'ming  Griess's  test,  1  c.c.  of  dilute  sulphuric  acid  and  1  c.c. 
of  a  solution  of  meta-phenylenediamine  are  added  to  100  c.c.  of 
the  sample  water  in  a  Nessler  glass ;  an  orange-red  colour  is  pro- 
duced, and  tills  is  matched  against  that  yielded  by  measured  amounts 
of  a  standard  solution  of  potassium  nitrite. 

Ilosvay's  test  is  based  upon  estimation  of  the  amount  of  coloration 
produced  when  solutions  of  sulphanilic  acid  and  naphthylamine  are 
added  to  the  water.  The  pink  colour  is  matched  as  before  against 
that  yielded  by  measured  amounts  of  a  standard  solution  of 
potassium  nitrite. 

Determination  of  the  "Total  Solids"  in  solution. — 

In  making  this  determination  200  c.c.  of  the  water  to  be  analysed 
are  evaporated  to  dryness  in  a  platinum  dish  of  known  weight,  the 
final  stages  of  the  evaporation  being  usually  conducted  in  a  hot  air 
bath,  so  that  the  water  of  crystallisation  is  not  driven  ofi".  As  soon 
as  the  platinum  dish  cools  it  is  weighed,  and  the  difference  between 
its  weight,  and  that  of  the  empty  dish,  gives  the  "  total  solids "  in 
the  measured  quantity  of  water.  The  dish  is  then  slowly  heated 
to  dull  redness,  again  allowed  to  cool,  and  the  loss  of  weight 
consequent  on  ignition  is  determined.  The  loss  represents  the 
"  volatile  solids,"  and  is  due,  for  the  most  part  to  the  destruction 
of  organic  matter,  nitrates  and  nitrites,  volatilisation  of  salts  of 
ammonium  and  certain  chlorides,  together  with  loss  of  combined 
water  and  combined  carbonic  acid.  In  order  to  prevent  any  loss 
from  decomposition  of  carbonates,  it  is  usual,  after  incineration,  to 
add  a  little  ammonium  cai'bonate,  dry,  and  again  gently  incinerate 
in  such  a  way  as  to  drive  ofi  the  ammonia  but  to  maintain  full 
carbonation  of  the  residue.  The  excess  of  weight  of  the  platinum 
dish,  after  ignition,  over  the  weight  of  the  empty  disli,  is  due  to  the 
"fixed  solids."     If  ruddy  fumes  are  evolved  during  incineration, 
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■nitrates  or  nitrites  .are  present.  If  considerable  quantities  of 
organic  matter  were  originally  contained  in  the  water,  blackening 
of  the  residue  and  development  of  an  appreciable  odour,  like  that 
of  burnt  feathers,  may  be  observed.  Should  these  phenomena  be 
noted,  the  sample  must  be  regarded  with  grave  suspicion,  though, 
in  the  case  of  peaty  waters,  some  slight  blackening  on  ignition  may 
occur.  The  total  solids  in  ordinary  samples  of  water  vary  from  3  or  4 
to  50  or  60  parts  per  100,000;  the  loss  on  ignition  in  a  pure  water 
will  not  exceed,  as  a  rule,  about  1-5  or  2  parts  per  100,000. 

Examination  for  certain  Metals  and  for  Sulphates. 

Phosphates,  etc. — In  testing  for  lead,  copjyer,  and  iron  a  litre 
of  the  water  is  made  slightly  acid  with  hydrochloric  acid,  concen- 
trated to  about  200  c.c,  and  allowed  to  cool.  A  glass  rod  is  then 
dipped  into  ammonium  sulphide  solution,  and  passed  through  some  of 
the  concentrated  water,  which  has  been  placed  in  a  white  dish.  If 
there  is  any  development  of  a  dark  colour  in  the  track  of  the  glass 
rod,  one  of  these  metallic  substances  is  present.  If  this  darkening 
disappears  or  diminishes  in  intensity  on  addition  of  a  drop  or  two 
of  hydrochloric  acid,  iron  is  indicated,  and  the  fact  may  be  confirmed 
by  applying  the  ferrocyanide  of  potassium  and  sulphocyanide  of 
potassium  tests.  If  the  dark  colour  persists  in  the  presence  of  hydro- 
chloric acid,  it  is  due  to  lead  or  copper  ;  if  to  the  latter,  a  few  drops 
of  a  solution  of  potassium  cyanide  will  bring  about  its  disappearance. 
A  confirmatory  test  for  lead  consists  in  the  addition  of  potassium 
chromate,  which  causes  formation  of  the  chromate  of  lead.  In  the 
case  of  copper,  the  addition  of  ferrocyanide  of  potassium  to  the 
slightly  acidulated  water  results  in  precipitation  of  cupric  ferrocyanide. 
Again,  on  addition  of  a  few  drops  of  ammonia  to  the  water,  faint 
blue  coloration  is  developed.  Quantitative  estimation  of  the  amounts 
of  these  metals  present  may  be  made  by  matching  the  darkening 
caused  by  ammonium  sulphide  against  that  produced  by  standard 
solutions  of  plumbic  acetate,  ferrous  sulphate,  or  cupric  sulphate. 

In  the  case  of  zinc,  addition  of  ammonium  sulphide  yields  a  curdy, 
white  precipitate;  ferrocyanide  of  potassium  gives  a  white  precipi- 
tate insoluble  in  dilute  acids,  and  ferrocyanide  of  potassium  a  yellow 
precipitate  in  neutral  solutions.  The  presence  of  arsenic  may  be 
tested  for,  if  tliis  be  deemed  necessary,  by  applying  Marsh's  or 
Ileinsch's  test  to  some  of  the  concentrated  water. 

Calcium  is  determined  by  addition  of  oxalate  of  ammonia  in  the 
presence  of  ammonia  and  ammonium  chloride.  The  ammonium 
chloride  keeps  magnesium  (if  there  be  any)  in  solution,  and  the  white 
precipitate  of  oxalate  of  lime  yielded  by  a  measured  quantity  of 
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concentrated  water,  may  be  collected  on  a  Swedish  filter  paper 
(of  which  the  weight,  after  incineration,  is  known)  and  then  ignited. 
The  oxalate  of  lime  is  thus  converted  into  carbonate  of  lime,  the 
weight  of  which  can  be  determined. 

To  estimate  the  mafjnesium,  the  lime  must  first  be  removed  by  pre- 
cipitation as  oxalate  of  lime,  and  to  the  filtrate  ammonia  and  phos- 
phate of  sodium  are  then  added.  A  crystalline  precipitate  of  triple 
phosphate  (ammonio-magnesium  phosphate)  is  formed,  the  weight 
of  which,  after  ignition,  may  be  determined  as  pyro-phosphate. 

Silicon  may  be  determined  by  weighing  such  material  as  may  be 
left,  after  treatment  of  the  residue  from  a  measured  quantity  of 
water  with  strong  hydrochloric  acid,  washing  it  with  boiUng  dis- 
tilled water,  filtering,  igniting  the  material  collected  on  the  filter, 
and  again  treating  it  with  acid  and  washing. 

Suljihates  may  be  estimated  by  adding  hot  solution  of  barium 
chloride  to  a  measured  quantity  of  concentrated  water,  rendered 
strongly  acid  with  hydrochloric  acid  and  heated  to  boiling-point.  The 
precipitate  formed  is  collected  on  a  Swedish  filter  paper,  thoroughly 
washed  to  remove  all  the  barium  chloride,  ignited,  and  weighed 
as  barium  sulphate. 

PhosphaUs  are  tested  for  by  adding  ammonic  nitro-molybdate 
to  concentrated  water,  and  noting  whether  a  yellow  precipitate  of 
ammonic  phospho-molybdate  appears.  They  may  be  quantitatively 
estimated  by  dissolving  them  out  from  the  residue,  after  igmtion  at 
the  lowest  temperature  possible,  with  warm  distilled  water,  rendered 
acid  with  dilute  nitric  acid.  After  filtering  and  washing  the  filter 
with  dilute  nitric  acid,  nitro-molybdate  of  ammonium  is  added,  and 
precipitation  of  the  yellow  phospho-molybdate  is  facihtated  by  keep- 
ing the  solution  at  about  80=  P.  for  a  short  time.  This  precipitate 
may  be  washed,  dissolved  in  ammonia,  precipitated  by  addition  ot 
magnesium  and  ammonium  chlorides,  and  then  washed  with  am- 
monia, ignited,  and  weighed  as  magnesium  pyrophosphate. 

,?«Z«/.icZes.- Hydrogen  sulphide  yields  a  black  precipitate  with 
plumbic  acetate,  and  if  in  considerable  amount,  sulphides  may  be 
detected  by  the  smell  of  sulphuretted  hydrogen  evolved  on  lieating 
the  water  with  a  little  acid.  Sulphides  give  a  bluish  to  a  purple 
tinge  with  sodic  nitro-prusside.  If  free  sulphuretted  hydrogen  be 
alone  in  question,  caustic  alkali  must  be  added,  before  employment  of 
the  sodic  nitro-prusside,  in  order  to  obtain  the  purple  coloration,  as 
this  is  only  developed  in  the  presence  of  alkaline  sulphides. 

Determination  of  Dissolved  Oxygen.— This  is  eflected  by 

Thresh's  process,  wliich  depends  upon  the  fact  that  if  nitric  oxide  be 
present  in  the  water  it  acts  as  a  carrier  of  the  dissolved  oxygen.  If 
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sulphuric  acid,  sodium  nitrite,  and  iodide  of  potassium  be  added  to 
the  Avater,  not  only  is  iodine  set  free  by  the  nitrous  acid  (2HI  + 
2H]SrO.  =  l3+2H,,0  +  2]SrO),  but  the  oxygen  dissolved  in  the  water, 
in  the  presence  of  nitric  oxide,  decomposes  more  hydrogen  iodide 
(2HI+0  =  H.,0  +  L).  Air  must,  of  course,  be  excluded  in  conduct- 
ing the  estimation. 

Thresh's  apparatus  consists  of  a  wide-mouthed  bottle,  capable 
of  holding  about  500  c.c,  closed  with  a  stopper  having  four 
perforations,  as  indicated  in  Fig.  28.  The  tube  B,  which  is 
passed  through  one  of  these  perforations,  communicates  with  a 
graduated  burette  C,  containing  sodium  hyposulphite,  for  estimat- 
ing the  amount  of  iodine  liberated.  Through  another  opening  passes 
the  tube  which  forms  the  lower  part  of  the  receiver  D,  called  the 
"separator";  this  receiver  is  of  known  capacity,  and  is  provided 
with  a  stopcock  and  a  stopper.  The  tube  E,  which  passes  through 
the  third  perforation,  is  connected  with  the  ordinary  gas  supply. 
Finally,  the  tube  passing  through  the  fourth  perforation  has  con- 
nected with  it  a  cork,  G,  which  can  be  inserted  in  the  place  of  the 
stopper  of  the  "  separator  " 
D ;  moreover,  this  cork 
is  perforated  by  a  glass 
tube,  and  thus  gas  escaping 
through  it  can  be  ignited. 

The  "separator"  D  is 
first  filled  with  the  sample 
water;  1  c.c.  of  a  stan- 
dard solution  of  sodium 
nitrite  and  potassium  io- 
dide, and  1  c.c.  of  dilute 
sulphuric  acid  are  then  in- 
troduced by  means  of  a 
pipette,  and  are  allowed  to 
descend  through  the  water 
to  the  lower  part  of  the 
separator.  The  stopper  is 
then  immediately  replaced, 
displacing  a  little  of  the 
water  and  including  no 
air.  This  proceeding  is 
effected  in  such  a  way  that 

neither    standard    solution  Apparatus  usef^ 'rhresh's  Process, 

nor  acid   is  permitted  to 

escape  with  the  water  displaced.    The  stopper  being  in  position, 
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the  separator  is  inverted  so  as  to  facilitate  mixture  of  its  contents, 
the  tube,  at  the  lower  part  of  the  separator,  i's  pushed  through  the 
perforation  in  the  stopper  of  the  bottle,  and  about  fifteen  minutes 
are  then  allowed  to  elapse  for  tlie  reaction  to  take  effect.  A  cur- 
rent of  coal  gas  is  now  passed  through  the  bottle,  so  as  to  displace 
its  contained  air.  This  process  is  deemed  to  be  completed  when  it  is 
ascertained  that  the  gas  escaping  at  G  bums  with  a  bright  flame. 
The  flame  is  then  extinguished,  the  cork  G  quickly  substituted  for 
the  stopper  of  the  separator  D,  the  stopcock  at  the  lower  part  of 
D  is  turned,  and  the  water  flows  into  the  bottle.  The  stopcock 
is  now  closed,  the  cork  G  removed,  and  the  gas  re-lighted. 

Hyposulphite  solution  is  next  run  into  the  bottle  from  the  burette 
C,  until  the  yellow  colour  has  almost  entirely  gone  (see  p.  126). 
The  exact  point  of  disappearance  of  the  iodine  is  determined  by 
introducing  1  c.c.  of  starch  solution  into  the  bottle  through  D, 
and  adding  hyposulphite  until  the  blue  colour,  wliich  is  developed 
on  addition  of  the  starch,  is  discharged.  The  coloration  reappears 
■usually  after  a  few  seconds,  there  being  some  oxygen  dissolved  in 
the  hyposulphite  solution ;  the  furtlaer  addition  of  a  small  quantity 
of  hyposulphite  causes  it  to  finally  disappear.  The  amount  of  hypo- 
sulphite used  is  now  read  ofi",  and  this  corresponds  to  (i)  the  iodine 
liberated  by  the  oxygen  dissolved  in  the  sample  of  water ;  plus  (ii) 
that  liberated  by  the  nitrite-iodide  solution  and  the  oxygen  con- 
tained in  the  acid  and  starch  solution;  plus  (iii)  that  liberated 
by  the  oxygen  dissolved  in  the  hyposulphite  solution  added.  The 
iodine  due  to  the  nitrite-iodide  and  the  dissolved  oxygen  of  the 
acid  and  starch  solution  is  determined  by  introducing  into  the  bottle, 
after  finishing  the  estimation  as  above  described,  5  c.c.  of  nitrite- 
iodide  solution,  and  the  same  amounts  of  acid  solution  and  starch 
solution,  titrating  as  before,  and  taking  one-fifth  of  the  result  as 
representing  the  quantity  of  hyposulphite  corresponding  to  the  1  c.c. 
of  each  of  the  specified  ingredients  originally  employed. 

The  correction  for  the  amount  of  dissolved  oxygen  in  the 
hyposulphite  solution  may  be  made  by  assuming  that  this  solution 
contains  as  much  dissolved  oxygen  as  distilled  water  saturated  at 
the  same  temperature.  A  titration  with  a  small  measured  quantity 
of  saturated  distilled  water  is,  therefore,  made,  to  determine  exactly 
what  the  amount  of  oxygen  dissolved  in  it  is. 

If  the  hyposulphite  solution  be  of  such  strength  that  1  c.c.  cor- 
responds to  -25  milligramme  of  oxygen,  the  number  of  milligrammes 
of  oxygen  dissolved  in  a  litre  of  the  sample  water  is  now  known 
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where  j  is  the  capacity  of  the  "  separator,"  less  2  c.c.  for  added 
reagents ; 

e  is  the  number  of  c.c.  of  standard  hyposulphite  solution 
used ; 

h  is  the  number  of  c.c.  of  this  solution  accounted  for  by 
the  nitrite-iodide  and  the  oxygen  dissolved  in  the  acid 
and  starch  solutions ; 
and  cl  is  the  amount  of  hyposulphite  solution  corresponding 
to  the  oxygen  contained  in  each  c.c.  of  the  saturated 
distilled  water. 

If  nitrites  be  present  in  the  water  correction  must  be  made  for 
the  influence  they  exert  as  oxygen  carriers.  The  presence  of  nitrates 
does  not  interfere  with  the  accuracy  of  the  estimation. 

As  regards  the  actual  amount  of  dissolved  oxygen  determined  in 
particular  cases,  it  may  be  stated  that  distilled  water,  thoroughly 
shaken  with  air  at  60°  F.,  is  found  to  yield  rather  more  than 
1 0  milligrammes  of  oxygen  per  litre  \  in  rain  water  an  average 
amount  is  about  8"5  milligrammes.  The  quantity  of  dissolved 
oxygen  in  surface  waters  is  considerably  affected  by  the  temperature 
of  the  air,  and  thus  varies  at  different  times  of  the  year ;  the  water 
of  deep  wells  is  not  markedly  affected  by  seasonal  influences.  In 
very  deep  wells  the  merest  traces  of  dissolved  oxygen  are  found. 
Dupre  has  suggested  that  the  amount  of  dissolved  oxygen  in  a 
water  may  be  regarded  as  a  test  of  the  number  of  oxygen-con- 
suming micro-organisms  present  in  it. 

Determination  of  Carbonic  Acid. — Carbonic  acid  may 

exist  in  water  as  free  acid,  or  in  combination  in  the  form  of  car- 
bonates or  bicarbonates.  The  "free  CO2"  and  that  in  the  form  of 
bicarbonate  (the  "  half-bound  CO2")  together  make  up  the  "  volatile 
COj " — that  expelled  from  the  water  by  boiling.  The  remainder  is 
the  "  fixed  CO2" — that  existing  in  the  form  of  carbonate.  For 
estimating  the  "  volatile  CO/'  in  water  the  method  of  Pettenkofer 
is  usually  adopted.  To  a  measured  quantity  of  the  water  (say  200 
c.c),  10  c.c.  of  neutral  and  nearly  saturated  solution  of  calcium 
chloride,  5  c.c.  of  saturated  solution  of  annnonium  chloride,  and 
35  c.c.  of  baryta  water  (standardised,  immediately  before  testing, 
with  oxalic  acid,  of  which  one  c.c.  corresjDonds  to  one  milligramme 
of  COi)  are  added.  After  standing  for  twelve  hours,  100  c.c.  are 
removed,  without  disturbing  any  of  the  precipitate  formed,  and 
divided  into  two  portions  of  50  c.c.  each  ;  the  amount  of  uncombined 
baryta  in  both  portions  (one  result  being  used  as  a  check  against  tlie 
other)  is  estimated  by  titration  with  standard  oxalic  acid,  phenol- 
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phthalein  being  used  as  an  indicator.  The  quantity  of  baryta  whicli 
has  been  precipitated  by  the  carbonic  acid  (free  or  in  the  form  of 
bicarbonate)  in  the  water  can  then  be  determined.  The  number  of 
c.c.  of  oxalic  acid  solution  employed,  for  50  c.c.  of  fluid,  must  be  multi- 
plied by  5  (as  there  were  originally  250  c.c.  of  fluid  in  the  flask)  and 
the  result  must  be  deducted  from  the  number  of  c.c.  originally 
required  to  neutralise  35  c.c.  of  baryta  water.  The  calcium  chloride 
decomposes  any  alkaline  carbonate  or  other  alkaline  salt  present, 
and  prevents  its  acting  upon  the  baryta  water,  while  the  ammonium 
chloride  precludes  precipitation  of  magnesia  by  the  baryta. 

The  Microscopic  Examination  of  the  Sediment  de- 
posited from  a  sample  sometimes  yields  evidence  which  serves 
to  indicate  whether  or  no  the  water  has  been  exposed  to  risk  of 
dangerous  pollution.  The  sediment  may  be  collected  in  a  conical 
glass  or  in  the  pipette  specially  designed  for  the  purpose,  kno^\^l  as 
Wynter  Blyth's  tube.  Tliis  instrument  is  shaped  like  a  large  pipette, 
and  is  provided  at  its  lower  extremity  Avith  a  small  cell,  in  which  the 
sediment  collects.  The  cell  can  be  detached  from  the  pipette,  with  its 
contained  sediment,  by  means  of  a  rod-shaped  stopper,  which  is 
pushed  doAvn  until  it  reaches  the  cell. 

A  great  variety  of  objects  may  be  detected  on  microscopic  examina- 
tion of  the  material  thus  obtained.  The  nature  of  any  mineral  parti- 
cles present  may  be  recognised,  partly  by  their  appearance  and  partly 
by  the  effect  upon  them  of  various  reagents.  Vegetable  matter, 
starch  cells,  linen  and  cotton  fibres,  spiral  vessels,  dotted  ducts,  and 
other  kinds  of  vegetable  tissue  may  be  detected.  Dead  animal  matter, 
remains  of  insects,  fragments  of  wool,  hair,  scales,  epithelium,  etc., 
may  also  be  found.  Living  forms  are  usually  present  in  abundance  ; 
they  consist,  however,  in  the  main  of  bacteria  and  microscopic 
fungi,  and  little  can,  as  a  rule,  be  learnt  concerning  them  by  mere 
examination  under  the  microscope.  The  means  adopted  for  studying 
these  minute  organisms  will  be  presently  referred  to.  Among 
larger  living  forms,  diatoms,  desmids,  and  algfe  may  be  seen  in  water 
from  streams  and  in  well  waters ;  amoibse,  infusoria  {jyaramoicmm, 
etc.),  and  hydrozoa,  especially  the  fresh-Avater  polyps,  may  also  be 
met  with.  These  are  for  the  most  part  of  importance,  in  so  far  as 
they  imply  the  presence,  in  appreciable  quantity,  of  nutrient  material 
in  the  shape  of  organic  matter,  upon  which  such  organisms  are 
dependent  for  their  existence.  The  same  remark  applies  to  still 
larger  forms  which  may  be  exceptionally  observed,  such  as  small 
leeches,  wheel  animalcules,  water  fleas,  water  bears  {Tardigrmla),  the 
larvse  of  beetles,  and  the  pupse  of  insects.    Under  very  exceptional 
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circumstances  eA-idence  of  the  presence  of  certain  parasites  may  be 
forthcoming.  The  eggs  and  segments  of  tapeworms  may  be  detected ; 
the  eggs  of  round  and  thread  worms,  too,  have  been  found  in  water 
in  this  country,  and  other  parasites  {FUarise,  Dracunculns  medin- 
ensis,  the  eggs  of  Dochmius  chtoclenalis,  the  embryos  of  Bilharzia, 
etc.),  may  be  found  in  drinking  waters  obtained  in  foreign  lands. 
The  most  significant  of  the  microscopical  objects  likely  to  be 
met  with  in  samples  of  water  designed  for  drinking  purposes,  and 
obtained  in  this  country,  are  those  which  suggest  the  probability 
of  sewage  contamination;  such  are  muscle  .fibres,  fat  cells,  starch 
grains,  epithelium,  etc.  If  such  objects  as  these  be  discovered  the 
water  must  be  regarded  Avith  the  gravest  suspicion. 

Bacteriological  Examination  of  Water. — An  esti- 
mate of  the  number  of  micro-organisms  present  (and  capable  of 
development  upon  the  particular  nutrient  materials  used)  in 
measured  quantities  of  the  water  may  be  made,  and  under  special 
circumstances  it  becomes  necessary  to  ascertain  whether  or  no  the 
existence  of  pax-ticular  kinds  of  micro-organism  can  be  demonstrated. 
In  exceedingly  pure  water,  such  as  that  derived  from  deep  wells, 
very  few  bacteria  are  found,  and  by  efficient  filtration  the  num- 
ber present  in  river  and  upland  surface  waters  can  be  materially 
reduced.  Koch  has  suggested  a  limit  of  100  bacteria  per  c.c. 
as  one  Avhich  should  not  be  exceeded  if  the  filtration  of  such  waters 
is  to  be  regarded  as  being  satisfactorily  effected.  Impure  waters 
may  contain  from  10,000  to  100,000  bacteria  per  c.c.  and  upwards. 
The  determination  of  the  number  of  bacteria  present  in  a  c.c.  of 
water  is  at  best  a  very  rough  test;  the  question  which  is  really 
important  is,  not  how  many  micro-organisms  are  present,  but  whether 
forms  capable  of  producing  disease  are  contained  in  the  water.  The 
method  of  counting  the  organisms  is  of  value,  however,  as  a  means 
of  gauging  the  efficiency  of  filtration. 

If  it  be  desired  to  test  for  the  presence  of  Bacillios  coli  com- 
munis, or  Bacillus  iyphosits,  a  litre  or  more  of  the  sample  water 
.should  be  passed  through  a  8terili?!ed  Chamberland  or  Berkefeld 
filter ;  the  micro-organisms  are  thus  intercepted  and  may  be  brushed 
off  the  filter  with  a  sterilised  brash  into  a  small  quantity  of  the 
sterile  filtrate.  One  c.c.  of  the  mixture  is  then  cultivated  in  car- 
bolised  gelatine  or  broth ;  carbolic  acid,  when  present  to  the  extent 
of  -05  per  cent,  or  thereabouts  being,  as  was  shown  by  Parietti, 
capable  of  inhibiting  the  growth  of  most  organisms  likely  to  be 
present  in  water,  while  it  does  not  hinder  to  a  like  extent  the 
development  of  the  typhoid  bacillus.    In  such  a  medium,  liowever, 
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the  Bacillm  coli  commtmis  flourishes,  and  some  other  organismii 
occasionally  manifest  growth  in  spite  of  the  presence  of  the  phenol, 
Plate  cultures  are  prepared  with  material  derived  from  the  carbolised 
media,  and  the  appearance  of  colonies  resembling  Bacillus  coli  com- 
munis, or  Bacillus  typhosus,  is  carefully  watched  for.  To  dis- 
tinguish between  the  two  organisms  it  is  necessary  to  obtain  .pure 
cultures-  of  the  colonies  which  develop  on  the  plates,  and  to  test  the 
growth  manifested  in  these  cultures  in  A-arious  ways.  The  main 
points  of  difference  to  which  importance  is  attached  will  be  referred 
to  later  (.S'ee  p.  378). 

In  examining  water  for  the  presence  of  the  cholera  spirillum, 
alkaline  broth,  containing  1  per  cent,  of  peptone  and  1  per  cent, 
of  sodium  chloride,  is  inoculated  with  the  suspected  material,  and 
incubated  at  37°  C.  In  such  a  medium,  as  was  pointed  out  by 
Dunham,  the  cholera  spirillum  readily  multiplies.  After  twelve  to 
twenty-four  hours'  incubation,  agar  plate  cultures  may  be  made,  and 
any  suspicious  colonies  developing  in  these  may  be  grown  in  sub- 
culture, and  tested  by  ascertaining  whether  tliey  give  the  "  cholera- 
red  reaction,"  or  by  animal  inoculation.  The  cholera-red  reaction 
is  obtained  on  adding  pure  sulphuric  acid  (free  from  nitrous  acid) 
to  a  pure  culture  of  the  cholera  bacillus  in  peptone  salt  broth.  If 
the  culture  be  not  pure  the  appearance  of  the  coloration  is  not  de- 
cisive, as  some  organisms  are  able,  under  the  conditions  of  the  ex- 
periment, to  form  indol  from  peptone,  and  others  to  reduce  nitrates 
to  nitrites,  and  hence  the  reacition  may  be  produced ;  the  cholera 
organism  is  able  to  effect  botli  these  changes,  and,  so  far  as  is  known, 
it  is  the  only  organism  likely  to  be  found  in  water  which  does  this. 

Many  experiments  have  been  made  of  late  years  with  the  object 
of  determining  the  viability  of  the  cholera  and  typhoid  organisms  in 
water.  P.  Frankland  and  Marshall  "Ward  found  that  typhoid  bacilli 
did  not,  as  a  rule,  multiply  in  sterilised  potable  water,  but  that  they 
remained  alive  and  capable  of  development  for  periods  varying  from 
about  20  to  50  days.  In  unsterilised  potable  water  the  bacilli  did 
not  generally  live  so  long  as  when  the  same  water  Avas  sterilised, 
though  deep  well  Avater  Avas  found  to  be  exceptional  in  this  respect. 

Klein,  experimenting  Avitli  some  of  the  Avaters  supplied  in  London, 
filtered  the  samples  examined  through  a  sterile  Berkefeld  filter,  in 
order  to  remove,  as  far  as  possible,  the  contained  bacteria.  He  then 
inoculated  the  filtrate  obtained  Avith  typhoid  bacilli,  and  Avas  able 
to  demonstrate  that  the  living  organisms  Avere  recoverable  from 
two  out  of  three  samples  even  after  the  lapse  of  eight  Aveeks.  In 
the  same  Avaters,  filtered  and  then  completely  sterilised  by  heat,  tlie 
bacillus  proved  viable  for  85  days  after  inoculation.    From  ordinary 
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tap  water,  not  subjected  to  treatment  as  above  described,  the  typhoid 
bacillus  was  recovered  after  36  days.  Comparative  observations 
made  ydth  the  cholera  vibrio,  showed  that  this  organism  is  con- 
siderably more  hardy  than  the  typhoid  bacillus;  it  survived  six 
weeks  in  all  the  samples  of  London  water  not  subjected  to  special 
treatment,  and  for  85  days  in  filtered  and  sterilised  water. 

III. — ^Water  Supply  and  Disease. 

Intense  thirst,  muscular  prostration,  and  loss  of  mental  vigour,  are 
produced  in  the  entire  absence  of  water  for  drinking  purposes.  These 
phenomena  are  of  very  rare  occurrence  in  civilised  communities,  though 
they  have  been  observed  in  this  country  within  recent  years,  in  cases, 
for  example,  in  which  men  have  been  imprisoned  in  the  earth  as  the 
result  of  mining  accidents.  The  "  water  famines  "  of  dry  seasons,  in 
English  towns  insufficiently  supplied  with  water,  sometimes  cause, 
however,  great  inconvenience,  and,  apart  from  this,  they  may  prejudi- 
cially influence  health  conditions  by  favouring  accumulation  of  filth 
and  interfering  with  the  adequate  cleansing  of  sewers.  Lack  of 
water  implies,  too,  economy  in  its  use  for  purposes  of  ablution,  and 
in  instances  in  which  such  economy  has  been  strictly  exercised,  as,  for 
example,  where  many  persons  have  used  the  same  bath,  the  spread 
of  skin  disease  and  ophthalmia  appears  to  have  been  favoured.  The 
diminution  of  typhus  in  recent  years  has  been  attributed  in  part  to 
the  larger  share  of  attention  devoted  by  civilised  communities  to 
personal  cleanliness  and  the  washing  of  clothes. 

Attention  has  been  directed  for  a  long  period  of  time  to  the 
occasional  ill  effects  of  drinking  grossly  polluted  Avater.  Such  phe- 
nomena were  naturally  attributed,  when  they  were  first  recognised, 
to  the  most  obvious  forms  of  contaminating  material.  The  phrase 
"putrid  water,  every  drop  a  worm,"  illustrates  this  point  of  view, 
and  in,  days  gone  by  the  standard  applied  to  drinking  water  was 
undoubtedly  a  far  lower  one  than  it  is  at  the  present  day.  It  is 
only,  however,  within  quite  recent  years  that  precise  study  has  he^n 
made  of  the  relation  between  disease  and  water  supply,  and  atten- 
tion has  been  .specially  directed  to  this  matter  in  connection  with 
two  maladies  which  have  been  found  to  be  commonly  water-borne 
among  civilised  communities.  ... 

In  1849  Dr.  John  Snow  formed  the  opinion,  as  the  i-esult  of  inquiry 
Avhich  he  made  concerning  outbreaks  of  cholera  in  London,  that  the 
disease  was  capable  of  being  transmitted  by  water  to.  which  evacua- 
tions from  cholera  patients  had   obtained  access.     In  1854  an 
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outbreak  of  cliolera  occurred  in  St.  James,  Westminster,  which  was 
traced  to  the  use  of  water  obtained  from  the  famous  Broad  Street 
pump.  This  outbreak  served  to  confirm  the  conclusions  arrived  at 
by  Snow,  and  from  that  time  onwards  numerous  other  instances  of 
the  spread  of  cholera  by  water  have  been  forthcoming.  The  facts 
demonstrated,  in  connection  with  cholera,  no  doubt  stimulated  in- 
quiry with  regard  to  the  possibility  of  other  forms  of  disease  being 
transmitted  by  drinking  water,  and  the  belief  that  enteric  fever  may 
be  so  conveyed  was  entertained,  by  Dr.  William  Budd  and  others, 
very  soon  after  the  distinction  between  that  malady  and  typhus  was 
finally  established  by  Jenner  in  1849-51.  Suspicion  was  raised, 
moreover,  by  the  extent  •  to  which  enteric  fever  had  prevailed  in 
Millbank  Prison,  an  institution  which,  up  to  the  year  1854,  derived 
its  water  supply  from  the  grossly  polluted  Thames.  On  a  purer 
supply  being  procured,  a  remarkable  diminution  in  the  prevalence 
of  the  malady  among  the  prisoners  was  observed.  From  1867  on- 
wards numerous  outbreaks  of  water-borne  enteric  fever  have  been 
reported  on  by  inspectors  of  the  Privy  Council  and  Local  Govern- 
ment Board  and  by  medical  officers  of  health  in  this  country,  and 
similar  outbreaks  have  been  observed  abroad.  Cholera  and  enteric 
fever  stand  out  pre-eminently  as  water-borne  diseases,  and  it  will 
be  well  to  refer  to  them  in  some  detail. 

Cholera. — There  have  been  four  great  cholera  epidemics  in 
England,  and  in  each  of  them  London  has  suffered  severely.  The 
first  epidemic  was  that  of  1831-32.  Comparatively  little  is  known 
concerning  this  outbreak,  and  the  statistical  records  relating  to  it 
are  far  less  complete  than  in  the  case  of  later  epidemics,  inasmuch 
as,  prior  to  1837,  there  was  no  registration  system  in  operation. 
From  particulars  collected  by  the  Board  of  Health,  it  appears  that 
52,547  persons  died  of  the  disease  in  the  United  Kingdom  during 
this,  its  first  visitation.  In  "  London  and  its  vicinity  "  5,275  deaths 
were  returned  between  February  14th  and  December  18th,  1832. 
If  this  figure  be  accepted  as  representing  the  mortality  during  this 
outbreak,  in  London,  the  following  statement  showing  deaths  occur- 
ring in  the  metropolis  in  the  four  epidemics  may  be  given  : — 

Annual  Mortality 
Deaths.  per  million  living. 

1832    5,275    3,702 

1849    14,125    6,196 

1854    10,738    4,289 

1866    5,596    1,840 

In  the  first  three  epidemics  the  brunt  of  attack  was  borne  by 
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certain  South  London  populations*  In  the  fourth  epidemic  East 
London  mainly  suffered.  Writing  in  1856  (i.e.,  before  the  time  of 
the  1866  outbreak),  Simon  said:  "As  often  as  Asiatic  cholera  had 
been  epidemic  in  London  it  had  been  observed  to  prevail  with 
especial  severity  in  certain  registration  districts  on  the  south  side  of 
the  river." 

It  was,  moreover,  noted  t  in  connection  with  the  second  epidemic 
(that  of  1849),  "that  the  mortality  from  cholera  increases 
generally  in  descending  the  river  on  the  south  side."  Again,  on 
making  inquiry  concerning  the  water  supplied  to  different  popula- 
tions, it  was  ascertained  that  whereas  only  15  deaths,  per 
10,000  persons  living,  occurred  in  six  districts  supplied  Avith  water 
taken  from  the  Thames  above  Battersea,  123  deaths,  per  10,000 
li\-ing,  occurred  in  the  twelve  districts  supplied  with  water  taken 
from  the  Thames  between  Battersea  and  Waterloo  bridges. 

The  intakes  of  the  five  water  companies  drawing  their  supplies 
from  the  Thames  were,  in  1850,  all  situated  within  the  tidal  portion 
of  the  river :  that  of  the  Grand  J  unction  Waterworks  at  Kew,  six 
miles  below  Teddington  Lock,  was  located  farthest  up  stream ;  that 
of  the  West  Middlesex  Avas  at  Barnes,  eight  and  a  half  miles  below 
Teddington  Lock  ;  those  of  the  Chelsea,  and  SouthAvark  and  Vauxhall, 
Companies  Avere  at  Battersea ;  and  that  of  the  Lambeth  Company  Avas 
at  Lambeth,  near  Hungerford  Bridge.  Moreover,  at  this  time,  prior  to 
the  introduction  of  the  system  of  "  interception,"  the  greater  part  of  the 
seAvage  of  2,360,000  persons  Avas  being  discharged  directly  into  the 
river  Avithin  the  metropolis.  The  extent  of  precaution  Avhich  it  Avas 
deemed  necessary  to  take  at  this  period  may  be  judged  by  the  fact 
that,  in  1850,  the  culvert  through  Avhich  the  SouthAvark  and 
A^auxhall  Company  obtained  its  supply  "  Avas  extended  further  into 
the  bed  of  the  stream,  in  order  that  the  Avater  should  only  be  taken 
in  during  such  portion  of  the  ebb  tide  as  permitted  the  reflux  of  the 
London  drainage  past  the  site  of  the  Company's  Avorks." 

In  1847  it  became  evident  to  the  Lambeth  Company  "that  Avater 
for  domestic  purposes  could  not  longer  continue  to  be  taken  from  that 
part  (i.e.,  the  tidal  part)  of  the  river."   A  scheme  was,  therefore,  pre- 


*  In  the  epidemic  of  1831-32  this  was  less  markedly  the  case  than  in  the 
two  later  epidemics.  Thus  while  in  the  first  epidemic,  judging  by  the  returns 
available,  St.  Saviour  and  St.  Olave,  Southwark,  were  the  registration  districts 
most  severely  attacked,  Whitechapel  was  the  district  which  came  next  in 
order.  The  mortality  rate  in  St.  James,  AVestminster,  In  the  1854  epidemic 
was  high,  this  fact  being  due  to  dissemination  of  disease  by  means  of  the 
water  of  the  Broad  Street  pump. 

t  Registrar-General's  Report  on  Cholera  in  England,  1848-49,  p.  lix. 
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pared  for  transferring  the  intake  works  to  ThameH  Ditton,  above  Ted- 
dington  Lock,  and  the  new  supply  was  introduced  in  Januarj',  1851. 
The  Metropolis  Water  Act  of  1852  imposed  the  obligation  of  abandon- 
ing the  tidal  portion  of  the  river  upon  all  the  companies,  but  in  1854 
the  rearrangements  necessary  had  not  been  completed,  and  when  the 
third  outbreak  of  cholera  occurred  in  London,  it  found  the  districts 
in  which  its  ravages  during  the  second  outbreak  (that  of  1849)  had 
been  most  severely  felt  exceptionally  circumstanced.  While  in 
1849  water  drawn  from  the  Thames  at  or  beloAv  Battersea  was  being 
generally  consumed,  in  1854  the  Lambeth  Company  was  proA-iding 
the  far  purer  supply  obtained  fi-om  Ditton,  while  the  Southwark  and 
Yauxhall  Company  was  still  purveying  what  had  been  described  as 
"  perhaps  the  filthiest  stuff  ever  drunk  by  a  civilised  community." 
Under  these  circumstances  materials  for  comparison  on  a  large  scale 
were  to  hand,  for  throughout  the  southern  districts  of  London,  as 
Simon  pointed  out,  "  masses  of  similar  population  were  dwelling  side 
by  side,  and  the  exterior  influences  which  affected  them  were,  with  a 
single  exception,  apparently  identical."  Rival  mains  were  "  branch- 
ing within  the  same  area,  often  running  parallel  in  the  same  streets  " ; 
there  were,  in  fact,  two  "  interfused  populations,"  one  drinking  from 
the  Thames  at  Ditton,  the  other  from  the  Thames  at  Battersea. 
The  inquiry  which  was  instituted  showed  that  "  The  population 
drinking  dirty  water  suffered  3-^  times  as  much  mortality  as  the 
population  drinking  other  water."  Moreover,  Simon  estimated 
that  while  the  population  di-inking  dirty  water  suffered  probably 
10  per  cent,  higher  mortality  in  the  later  epidemic  than  in  the 
earlier  one,  the  population  which  obtained  its  water  in  the  later 
epidemic  from  Ditton  suffered  "  not  a  third  as  much  as  at  the 
time  of  its  unreformed  water  supply."  He  therefore  concluded : 
"  By  this  experiment  it  is  rendered  in  the  highest  degree 
probable  that  of  the  3,476  tenants  of  the  Southwark  and  Yaux- 
hall Company  who  died  of  cholera  in  1853-54,  two-thirds  would 
have  escaped  if  their  water  supply  had  been  like  their  neigh- 
bours' ;  and  that  of  the  much  larger  number — tenants  of  both 
companies — who  died  in  1848-49,  also  two-thirds  would  have 
escaped  if  the  Metropolis  Water  Act  of  1852  had  but  been  enacted 
a  few  years  earlier." 

A  great  improvement  was  effected  in  the  London  water  supply 
between  1850  and  1856.  In  compliance  with  the  Act  of  1852,  the 
tidal  portion  of  the  Thames  was  abandoned  as  a  source  of  supply ; 
moreover,  attention  was  now  particularly  directed  to  the  question  of 
filtration.  At  the  time  of  the  fourth  outbreak  of  epidemic  cholera 
(1866)  the  London  water  companies  were  understood  to  be  providing 
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water  which  was  "efficiently"  filtered,  in  accordance  with  the 
requirements  of  the  Act  of  1852.  It  was  found  that  (excluding  the 
districts  supplied  by  the  East  London  Company),  there  was  a 
marked  falling  off  in  cholera  mortality  in  this  fourth  outbreak. 
East  London,  on  the  other  hand,  suffered  severely;  and  inquiry 
showed  that  in  the  case  of  the  company  supplying  this  district 
there  had  been  distinct  infringement  of  the  provisions  of  the 
Act,  inasmuch  as  the  unfiltered  water  of  certain  uncovered 
reservoirs  had  been  supplied  to  water  consumers.  Farr  says  (Supple- 
ment to  the  Twenty-ninth  Annual  Report  of  the  Registrar- 
General)  :  "  It  is  enough  to  have  in  evidence,  that  immediately 
before  the  outbreak  in  July  the  foul  water  of  the  reservoirs  was 
pumped  over  the  parts  of  East  London  where  cholera  was  epidemic." 
Ketten  Radcliffe  writes  in  his  report,  which  appeared  in  the  Ninth 
Annual  Report  of  the  Medical  Officer  to  the  Privy  Council :  "  The 
sudden  and  virtually  contemporaneous  development  of  the  outbreak 
over  the  entire  area  of  prevalence  indicated  a  medium  of  propagation 
common  to,  and  capable  of,  rapid  diffusion  over  the  whole  area ;  its 
sudden  declension  indicated  the  temporary  efficiency  to  this  end  of 
such  medium.  The  area  of  prevalence  approximated  with  remark- 
able closeness  to  a  particular  field  of  water  supply,  and  there  are 
facts  Avhich  seem  to  prove  that  this  approximation  was  not 
accidental.  It  is  known  that,  immediately  prior  to  the  outbreak  in 
the  East  district  of  the  metropolis  and  neighbouring  districts  across 
the  Lea,  impure  Avater  was  distributed  over  this  field  of  supply,  and 
it  is  highly  probable  that  this  water  was  charged  with  choleraic 
poison." 

Since  1866  there  has  been  no  extensive  epidemic  prevalence  of 
Asiatic  cholera  in  London,  and  there  is  no  evidence  indicating  that 
the  disease  has  been  communicated  since  that  year  by  the  water 
supplied  by  any  London  water  company.  The  part  played  by  water 
in  disseminating  cholera  has,  however,  been  studied  in  connection 
with  manifestations  of  the  disease  occurring  elsewhere. 

Reference  may  be  made  to  two  outbreaks  in  particular — tliose 
which  affected  Hamburg  in  1892  and  Altona  in  1893 — inasmuch  as 
much  interest  attaches  to  them  in  regard  to  the  question  as  to 
the  extent  to  which  filtration  can  be  relied  upon  as  a  safeguard 
against  the  danger  inherent  to  the  use  of  water  from  a  polluted  river. 
In  1892  Hamburg,  supplied  with  unfiltered  water  from  the  Elbe, 
at  a  point  where  that  river  was  relatively  but  little  contaminated, 
suffered  severely  j  while  Altona,  with  water  oi'iginall}'  nuich  more 
polluted  than  that  of  Hamburg,  but  subsequently  purified  by 
filtration,  escaped.     Later,  in  January  and  February  of  1893,  n 
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number  of  cases  of  cholera  developed  in  Altona,  and  the  water  sup- 
plied to  the  town  fell  under  suspicion,  inasmuch  as  inquiry  showed 
that  some  kind  of  disturbance  had  occurred  in  the  process  of  filtration. 
The  number  of  germs  found  in  the  filtered  water  manifested  increase 
from  the  30th  December,  1892,  attained  a  maximum  (1,516  per  c.c.) 
on  Januar}--  12th,  then  decreased  again  for  a  short  time,  but  rose 
again  in  the  last  week  of  J anuary.  Examinations  made  in  February 
showed  that  a  particular  filter  was  then  mainly  at  fault,  and  some 
experiments  which  were  instituted  led  to  the  conclusion  that  the 
defect  in  the  process  of  filtration  was  due  to  freezing  of  the  surface 
layers  of  sand  during  the  process  of  cleansing  the  filter. 

A  comparatively  small  outbreak  of  cholera  occurred  in  Hamburg  in 
September,  1893,  and  in  that  year,  as  indeed  had  also  been  the  case 
in  1892,  a  prevalence  of  enteric  fever  was  manifested,  which  reached 
its  height  about  three  weeks  later  than  that  of  cholera.  There  was 
thus  reason  for  supposing  (having  regard  to  the  length  of  the  incuba- 
tion period  in  the  two  diseases)  that  the  infection  of  both  was  com- 
municated at  about  the  same  time.  At  the  precise  date  when  the 
mischief  must  have  been  done,  bacteriological  examination  of  the 
water  supplied  in  Hamburg  was  yielding  such  unsatisfactory  results 
as  to  lead  to  the  conclusion  that  local  pollution  of  the  main  con- 
veying filtered  water  must  exist.  Inquiry  showed  that  a  settle- 
ment, which  had  taken  place  in  some  masonry,  permitted  raw  Elbe 
water  to  obtain  access  to  the  filtered  water  conduit.  Steps  were 
promptly  taken  to  remedy  this  defect,  and  a  marked  reduction  in 
the  number  of  organisms  in  the  water  was  immediately  manifested. 
The  source  of  pollution  having  been  cut  off,  the  outbreak  soon  came 
to  an  end. 

Another  water  outbreak  which  is  deserving  of  mention  is  that 
which  occurred  at  Stettin.  The  town  was  supplied  Avith  filtered 
water  obtained  from  the  river  Oder.  Filtration  Avas,  however,  per- 
formed with  undue  rapidity,  inasmuch  as  the  filtering  area  was 
inadequate  to  meet  the  demands  made  upon  it.  Bacteriological 
examination  had  from  time  to  time  given  unsatisfactory'  results, 
but,  shortly  after  the  commencement  of  the  outbreak,  the  presence 
of  the  cholera  vibrio  was  actually  demonstrated  in  water  from  the 
reservoirs  of  the  filters  supplying  the  town. 

Enteric  Fever. — KnoAvledge  concerning  the  spread  of  this 
disease  by  means  of  polluted  water  is  based  upon  the  experience  of 
an  even  more  limited  number  of  years  than  in  the  case  of  cholera. 

In  1867  Buchanan  reported  on  an  outbreak  at  Guildford,  in  which 
some  500  persons  were  attacked.    He  showed  that  this  outbreak 
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was  due  to  contamination  of  the  high-level  section  of  the  water- 
supply  of  the  town,  by  a  leaky  sewer  running  within  10  ft.  of  a  deep 
well  sunk  in  the  chalk,  from  which  that  supply  was  derived.  In  the 
same  year  Thorne  investigated  an  outbreak  at  Terling,  in  Essex, 
which  he  attributed  to  contamination  of  the  shallow  wells  from 
which  the  ^^llagers  obtained  their  water.  The  same  observer 
investigated  an  extensive  outbreak  at  Lewes  in  1875 ;  the  enteric 
fever  was  found  to  be  practically  confined  to  drinkers  of  the  town 
supply,  which  was  intermittent,  and  it  appeared  that,  in  connection 
with  intermission  of  the  supply,  opportunity  had  been  afforded  for 
the  insuction  of  sewage  into  the  mains  of  the  company. 

Two  other  outbreaks  which  illustrate  the  risk  attendant,  under 
certain  conditions,  on  the  intermittent  method  of  supply  may  be 
mentioned.  In  1874  Blaxall  reported  on  enteric  fever  at  Sherborne, 
confined  to  a  small  group  of  houses  obtaining  water  from  a 
particular  source.  The  water  supply  to  these  houses  had  on  several 
occasions  been  shut  off.  In  some  instances  the  water  was  directly 
laid  on  to  the  closet-pans  by  pipes  with  taps,  and  a  few  of  these  taps 

were  broken.    As  Blaxall  said  :  "If  a  pan  happened  to  be  full  of 

excrement,  that  excrement  would  be  sucked  into  the  water-pipe." 

Again  an  outbreak  of  enteric  fever  occurred  at  about  the  same  time 

among  residents  in  a  particular  court  at  Caius  College,  Cambridge. 

Buchanan  found  that  the  water-closets  in  this  court  were  supplied 

directly  from  the  main,  without  disconnecting  cisterns ;  opportunity 

for  pollution  of  the  water  in 

the  supply  pipe  was,  moreover, 

afforded  by  a  "  weeping  pipe," 

which  established  communication 

between  the  supply  pipe  and  a 

trap  connected  with  the  drain. 

The  end  of  one  of  the  "  weeping 

pipes"  was  stained  with  matter  of 

fsecal  origin.    About  a  fortnight 

before  the  enteric  fever  occurred 

the  water  supply  to  the  court 

had  been  cut  off,  and  probably, 

in  connection  with  this  intermis- 
sion of  supply,  specifically  tainted 

material  had  obtained  access  to 

the  mains,  and  had  been  subsequently  distributed  to  the  residents 

in  the  court. 

In  1879  an  outbreak  of  enteric  fever  at  Redhill  and  Caterham,  in 
which  some  370  cases  occurred,  was  investigated  by  Thorne,  who 


FIG.  29. 

Defective  arrangement  for  supplyof  water 
to  water  closet ;  absence  of  aisconnecting 
cistern ;  a  "  weeping  pipe "  disciiarging 
over  a  "trapping  bend"  in  the  sale-waste. 
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discovered  that  a  workman,  who  had  been  engaged  in  excavating  an 
adit  between  two  of  the  deep  wells  of  the  Caterham  Company,  liad 
suffered  from  enteric  fever,  and  had  been  attacked  by  diarrhcea  on 
more  than  one  occasion  while  working  in  the  well. 

The  small  amount  of  polluting  material  in  this  case,  in  comparison 
with  the  huge  volume  (nearly  2,000,000  gallons)  of  water  infected, 
was  the  subject  of  much  comment  at  the  time.  Buchanan,  in  1881, 
estimated  that  not  so  much  as  one  grain  of  excremental  matter  per 
gallon  could  have  been  present.  Experiments  made  by  Cory  and 
Dupre  showed,  as  indeed  might  have  been  anticipated,  that  it  was 
possible  to  contaminate  pure  water  with  minute  quantities  of 
excreta,  and  yet  not  exceed  amounts  of  organic  impurity  which 
Avould  pass  muster  on  a  mere  chemical  analysis.  Buchanan,  in 
reviewing  the  matter,  remarked  :  "  The  chemist  can  in  brief  tell  us 
of  impurity  and  hazard,  but  not  of  purity  and  safety." 

In  1888  an  outbreak  at  JVTountain  Ash  was  found  to  be  caused  by 
pollution  of  a  particular  water-main  which  Avas  defective ;  the 
supply  of  water  was  intermittent,  and  the  main  became  con- 
taminated by  reason  of  the  fact  that  it  was  leaky. 

In  some  outbreaks  of  enteric  fever  it  has  been  found  possible,  by 
addition  of  mineral  salts  at  the  site  of  pollution,  and  their  subsequent 
detection  in  the  water,  to  demonstrate  the  possibility  of  communi- 
cation, between  a  source  of  contamination  and  the  water  suspected 
of  conveying  disease.     Thus  at  Lausen,  in  Switzerland,  in  1872, 
a  spring  on  one  side  of  a  hill,  on  the  other  side  of  wOiich  ran  a 
contaminated  brook,  fell  under  suspicion ;  it  was  found  that  when 
the  meadows  in  the  valley,  through  which  the  brook  ran,  were 
watered,  by  damming  up  the  water  course,  the  yield  of  water  from 
the  spring  increased.    Salt  was  then  placed  in  the  brook,  and  it  was 
ascertained  that  the  water  in  the  spring  showed  evidence  of  contain- 
ing excess  of  sodium  chloride.   In  a  similar  manner  it  was  shown  by 
Page,  in  1889,  that  there  was  possibility  of  filth  having  travelled  a 
distance  of  three-quarters  of  a  mile,  through  a  fissure  in  magnesian 
limestone,  at  Houghton-le-spring.    An  epidemic  of  enteric  fever, 
which  was  traced  to  the  public  water  supply  in  this  place,  probably 
originated  as  a  result  of  pollution  in  the  manner  indicated. 

In  many  of  the  earlier  outbreaks  wells  had  been  found  to  be  at 
fault,  and  it  was  thought  the  comparative  freedom  from  movement 
of  the  water  in  the  Avell,  and  the  fact  that  it  was  kept  in  the  dark, 
might  have  favoured  the  multiplication  of  disease  germs.  AVithin 
comparatively  recent  years,  however,  instances  of  comnnmica- 
tion  of  enteric  fever  by  river  water  have  attracted  a  considerable 
share  of  attention. 
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In  an  outbreak  at  Bangor,  in  1882,  Barry  showed  that  the  water 
supply  derived  fi'om  a  small  stream  had  caused  the  mischief;  this 
water  was  nominally  filtered,  but  the  operation  was  only  imper- 
fectly carried  out,  and  the  water  consumed  was  practically  unfiltered 
water.  An  outbreak  occuiTed  at  about  the  same  date  at  Hitchin, 
and  in  tliis  instance  it  was  found,  by  Power,  that  a  waste  pipe 
occasionally  admitted  water  from  the  river  Hiz  into  the  water- 
supply  tank ;  the  said  river,  which,  however,  is  "  hardly  more  than 
a  ditch,"  was  grossly  polluted  with  sewage.  Other  outbreaks,  in 
which  river  water  Avas  suspected  to  have  spread  the  disease,  were 
those  at  Gainsborough,  Newark,  and  King's  Lynn  reported  on  by 
Bruce  Low,  and  that  at  Farncombe,  which  was  attributed  by  Jacob 
to  water  obtained  from  the  Wey. 

Two  prevalences  of  enteric  fever  which  occurred  at  the  end  of 
1890  and  the  beginning  of  1891  in  certain  areas  near  the  mouth  of 
the  Tees,  and  which  were  investigated  in  great  detail  by  Barry, 
constitute,  however,  the  most  striking  and  important  of  the  instances 
in  Avhich  dissemination  of  enteric  fever  on  a  large  scale  has  been 
shown  to  be  due  to  river  water.  Two  outbursts  of  fever,  as  has 
been  said,  occurred ;  the  first  was  especially  marked  during  the  six 
weeks  ending  October  18th,  1890;  the  second  during  the  six  weeks 
ending  February  7th,  1891.  In  the  two  outbreaks  1,463  indi- 
viduals Avere  found  to  have  been  attacked.  Within  the  area  of  the 
fever  prevalence  some  219,000  persons  were  obtaining  water  from 
^he  river  Tees,  Avhile  some  284,000  were  deriving  their  supply 
from  other  sources.  The  attack  rates  per  10,000  persons  during 
the  first  outburst  were  ascertained  to  be  thirty-three,  in  the  case  of 
the  persons  drinking  Tees  Avater,  and  three  in  that  of  the  persons 
drinking  other  water.  During  the  second  outburst,  the  attack 
rates  were  twenty-eight  per  10,000  among  persons  drinking  Tees 
water,  and  only  one  per  10,000  among  persons  drinking  other 
water. 

The  Tees  was  found  to  be  considerably  polluted  above  the 
intakes  of  the  companies  obtaining  their  water  from  it,  and  in 
particular  it  was  contaminated  by  receiving  the  drainage  of  the 
town  of  Barnard  Castle.  Shortly  before  each  outburst  and  at  a 
time  which,  taking  into  account  the  incubation  period  of  the  disease, 
would  correspond  with  the  time  of  infection,  the  river  was  in  flood. 
Filtration  was  practised  by  the  water  companies  distributing  the 
infected  water,  but  in  the  case  of  one  of  them  the  particulars  given 
show  that  Koch's  standard,  so  far  as  rate  of  filtration  Avas  concerned, 
was  not  complied  Avith.  Sir  Richard  Thorne  in  commenting  upon 
Dr.  Barry's  report,  observed  :  "  Seldom,  if  ever,  has  the  proof  of  the 
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relation  of  the  use  of  water  so  befouled  to  wholesale  occurrence  of 
enteric  fever  been  more  obvious  or  patent." 

Among  outbursts  of  enteric  fever  due  to  water  supply  in  more 
recent  years  the  following  may  be  mentioned.  In  1893  a  large 
outbreak  of  enteric  fever  occurred  in  the  neighbourhood  of 
Worthing,  in  which  upwards  of  1,400  attacks  were  developed. 
The  prevalence,  in  Worthing  itself,  was  traced  to  sewage  con- 
tamination of  a  heading  made  in  a  deep  chalk  well;  an  after 
prevalence,  in  adjoining  districts,  appeared  to  be  due  to  pollution 
of  water  mains  by  entrance  of  filth  through  ball  hydrants.  A 
considerable  outbreak  (upwards  of  500  cases)  occurred  at  Newport  in 
1894,  and  tliis  also  was  due  to  implication  of  a  chalk  well.  At 
Maidstone  in  1897  an  outbreak,  afiecting  upwards  of  1,800  persons, 
occurred  as  result  of  contamination  of  the  Farleigh  springs  of  the 
Maidstone  Water  Company.  Ernest  Hart  in  1897  prepared  a 
summary  of  the  facts  relating  to  206  outbreaks  of  "  water-borne 
typhoid  "  which  had  been  reported  on  in  Great  Britain  and  Ireland 
during  the  thirty-one  years,  1863-1893. 

Other  Diseases. — In  addition  to  the  two  diseases  which  have 
been  already  referred  to,  the  relationship  of  which  to  the  consumption 
of  specifically  contaminated  water,  has  been  repeatedly  demonstrated, 
there  are  other  maladies  which  may,  with  more  or  less  certainty,  be 
ascribed  to  a  like  cause.  Dyspepsia  and  diarrhoea  may  undoubtedly 
be  produced  by  drinking  water  in  which  there  are  impurities  of 
certain  kinds.  Hard  waters,  particularly  those  containing  calcium 
or  magnesium  (in  the  form  of  sulphates  or  chlorides)  may  give  rise  to 
digestive  disturbance,  and  waters  which  contain  iron  occasionally 
cause  dyspepsia,  headache,  and  constipation.  Again  the  fine  particles 
of  mineral  matter  sometimes  suspended  in  water  may  mechanically 
exercise  an  irritant  affect  upon  the  alimentary  mucous  membrane, 
and  w  set  up  diarrhoea.  If  much  organic  matter,  animal  or 
vegetable,  be  present,  a  similar  effect  may  be  produced,  and  outbreaks 
of  diarrhcEa  have  been  ascribed  to  water  which  has  been  exposed 
to  contamination  by  sewer  gas.  There  are  many  medicinal  waters 
possessed  of  marked  aperient  action,  particularly  those  which  con- 
tain sulphur,  and  sulphate  of  magnesia  or  other  mineral  salts,  and 
it  is  not  surprising,  therefore,  that  water  which  contains  such 
materials  in  only  small  quantity,  and  which  is  not  perhaps  credited 
with  the  possession  of  any  special  aperient  properties,  should  be 
occasionally  associated  witli  the  production  of  diarrhtva.  Waters 
rich  in  calcium  and  potassium  nitrates  have  been  found  to  produce 
similar  eflfects,  and  the  water  from  wells,  sunk  near  graveyards,  lias 
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been  supposed  to  exert  a  like  influence.  In  instances  such  as  those 
last-named,  excess  of  organic  matter,  or  of  nitrites  and  nitrates, 
may  possibly  be  the  cause  of  the  symptoms  produced. 

The  subject  of  lead  poisoning  has  already  been  considered ;  water 
which  contains  other  kinds  of  metallic  impurity,  as  a  result  of  the 
admission  of  trade  refuse  into  streams,  or  owing  to  the  action  of  the 
Avater  on  the  pipes  by  which  it  is  distributed,  is  likely  of  course  to 
produce  digestive  disturbance  or  other  forms  of  illness  associated 
with  the  ingestion  of  the  particular  metallic  poisons  in  question. 

Dysentery  has  been  traced,  in  numerous  instances,  to  the  consump- 
tion of  polluted  water ;  possibly  the  exciting  cause  of  the  malady,  in 
some  cases,  has  been  the  introduction  of  material  derived  from  the 
evacuations  of  dysenteric  patients.  It  has  been  supposed  that  yellow 
fever  is  occasionally  produced  in  a  similar  way.  Malarial  fever  ifi 
popularly  supposed,  in  many  localities,  to  be  caused  by  the  con- 
sumption of  contaminated  drinking  Avater.  The  evidence  is 
conflicting,  and  Manson  concludes  that  it  cannot  be  said  that  the 
possibility  of  infection  being  thus  conveyed  has  been  either  proved 
or  disproved. 

Goitre  is  another  disease  which  has  been  attributed  to  drinking 
water,  and  evidence  has  been  adduced  which  shows  that  goitre  often 
prevails  among  populations  consuming  water  derived  from  certain 
limestone  formations,  and  particularly  from  dolomitic  rocks.  On 
the  other  hand,  in  some  localities  provided  with  supplies  derived 
from  formations  of  the  character  specified,  goitre  does  not  occur. 
The  question  as  to  the  precise  relationship  between  goitre  and 
drinking  Avater  still  remains  unsettled.  Rickets  has  been  supposed 
to  prevail  especially  among  populations  drinking  soft  Avater,  and 
the  development  of  urinary  calculi  has  been  ascribed  to  the  habitual 
use  of  hard  Avaters.  Neither  of  these  theories  has  been  found  to 
bear  the  test  of  careful  examination.  Diphtheria  is  a  disease  Avhich 
has  been  from  time  to  time  suspected  to  be  Avater-borne,  but 
here  again  the  supposed  relationship  has  never  been  conclusively 
demonstrated. 

Some  forms  of  parasitic  disease  are  undoubtedly  transmitted  by 
drinking  water.  Tsenia  soliimi  and  Tmiia  mediocanellata  are 
probably  usually  introduced  Avith  food.  The  embryos  of  Bothrio- 
cephalus  latits,  however,  have  been  found  in  river  Avater  in  certain 
countries  bordering  on  the  Baltic,  and  it  appears  likely  that  the 
parasite  is  not  infrequently  transmitted  by  the  consumption  of  such 
Avater.  Txnia  eohinococciis,  the  round  Avorm  (Ascaris  luinhricoides), 
and  the  thread  Avorm  {Oxym-isvennicidaris)  are  probably  occasionally 
distributed  by  the  same  medium.     Certain  filarii«  may  in  like 
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manner  obtain  access  to  the  body.  The  Filaria  sanguinis  hominis 
is  deposited  in  water  by  the  mosquito  which  has  sucked  it  from  the 
blood  of  infected  persons,  and  it  may  be  that  it  is  transmitted  to 
human  beings  Avho  drink  water  so  contaminated.  The  embryo  of 
the  Filaria  dracunculus  (the  guinea  worm)  may  be  introduced  by 
drinking  polluted  water,  though  it  is  also  stated  that  the  adult 
worm  is  the  source  of  infection,  and  that  it  penetrates  the  skin  of 
persons  who  bathe  in  streams  which  harbour  it.  Dochmiv.s  duoden- 
alis  is  probably  transmitted  by  means  of  water  containing  the  ova^ 
or  embryos ;  and  Bilharzia  heematohia,  which  causes  the  endemic 
hsematuria  of  Egypt,  and  some  other  parts  of  Africa,  is  suppo.sed 
to  be  introduced  by  drinking  water  containing  the  embryos  of  this 
parasite.  The  liver  fluke  of  sheep  (Distoma  hepaticum),  which  in 
rare  instances  aflfects  man,  is  transmitted  apparently  by  water,  in- 
asmuch as  its  embryos  have  been  found  attached  to  water  plants. 
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SOIL. 

The  surface  soil  and  subsoil  of  a  locality  are  formed,  as  a  rule,  by 
disintegration  of  the  underlying  rock.  The  surface  soil,  or  mould, 
contains  considerable  quantities  of  organic  matter,  derived  either 
from  decaying  vegetation,  or  from  material  of  animal  origin.  The 
operations  of  earth  worms  in  disintegrating  the  soil,  and  in  bringing 
portions  of  it  to  the  surface  in  their  castings,  exercise  important 
influence  on  the  constitution  of  mould.  Burrowing  animals,  too, 
alter  the  character  of  the  surface  soil,  and  the  superficial  layers  of 
earth  abound  with  micro-organisms.  Beneath  the  surface  soil  lies 
what  is  called  the  subsoil,  in  which  there  is  corhparatively  little 
organic  matter,  and  in  Avhich  the  disintegration  of  the  underlying 
rock  has  not  proceeded  to  so  marked  an  extent  as  in  the  surface  soil. 

Origin  of  Soils. — The  rocks  of  the  earth's  surface,  the  breaking 
up  of  which  results  in  the  production  of  soil,  are  classified  as  igneous, 
sedimentary,  and  metamorphic.  The  igneous  rocks  are  derived  from 
the  cooling  down  of  the  molten  matter  of  the  once  fluid  globe ;  they 
consist  for  the  most  part  of  quartz,  felspar,  hornblende,  and  mica. 
Their  chief  chemical  constituent  is  silica — those  which  possess  more 
than  60  per  cent,  of  silica  are  called  "  acidic  rocks,  "  and  those  with  less 
than  this  amount,  "  basic  rocks."  The  former  are  decomposed  by 
"  weathering  "  into  clayey  soils,  while  the  latter,  possessing  as  they 
generally  do  appreciable  amounts  of  earthy  bases,  iron  or  manganese, 
yield  marls*  and  coloured  clays. 

The  sedimentarij  rocks  are  formed  hy  the  deposition  of  fine 
particles  from  Avater  or  air,  or  are  the  result  of  the  growth  of  plants 
or  animals.     They  present  evidence,  as  a  rule,  of  having  been 

*  The  term  marl  is  usually  applied  to  a  clay  coiitaiiiing  5—20  per  cent,  of 
calcium  carbonate ;  if  the  amount  of  calcium  carbonate  exceed  20  per  cent., 
the  soil  is  described  as  calcareous.  Soils  containing  10 — 40  per  cent,  of  clay 
may  be  described  as  "  sandy  loams  "  ;  if  the  amount  of  clay  exceed  this,  as 
'•  loams" ;  if  it  exceed  70  per  cent,  as  "  clay  loams  " ;  and  tliose  with  nearly 
per  cent,  of  clay  are  spoken  of  as  "  clay  soils." 
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precipitated  at  the  bottom  of  laken  and  seaH  in  the  form  of  distinct 
laj'ers,  and  they  are  hence  sometimes  called  stratified  rocks.  Ac- 
cording to  the  character  of  the  materials  which  compose  them  they 
are  termed  sandstones,  claystones  or  argillaceous  rocks,  limestones 
or  calcareous  rocks,  and  organic  rocks.  The  formations  last  named 
include  tlie  chalk,  which  consists  mainly  of  the  remains  of  fora- 
minifera ;  and  coal,  peat,  etc.,  which  are  derived  from  plants. 

Rocks  which  have  become  greatly  altered  in  situ  by  pressure  are 
termed  melamorphic  rocks.  Such  are  gneiss,  which  is  really  altered 
granite,  and  schists,  slates,  marbles,  and  quartzites. 

The  weathering  of  rocks  is  effected  by  the  action  of  air  and  by 
that  of  water  with  the  dissolved  gases  contained  in  it,  this  action 
being  greatly  promoted  by  the  splitting  of  the  rock,  which  occurs 
when  water  freezes.  Flowing  water  tends  to  wear  away  the  surface 
of  rocks,  and  iceborne  boulders  have  a  similar  effect;  the  material 
carried  away  by  water  when  deposited  elsewhere,  is  termed  alluvium, 
while  what  is  called  "glacial  drift"  consists  of  the  d'eh'is  carried 
away  by  the  action  of  ice. 

Order  of  Superposition  of  Rocks. — The  order  of  super- 
position of  the  stratified  rocks  is  determined  by  the  charact-er 
of  the  organic  remains  which  they  contain.  As  Geikie  says : 
"  Living  species  of  plants  and  animals  can  be  traced  do^v■nward 
into  the  more  recent  geological  formations;  but  grow  fewer  in 
number  as  they  are  followed  into  more  ancient  deposits.  "With  their 
disappearance  we  encounter  species  and  genera  which  are  no  longer 
living.  These  in  turn  may  be  traced  backward  into  earlier  forma- 
tions till  they  too  cease,  and  their  places  are  taken  by  yet  older 
forms."  To  some  extent  the  depth  of  strata,  he  notes,  affords 
indication  of  the  length  of  time  which  has  elapsed  during  the  process 
of  their  formation,  but  while  great  thickness  of  rock  undoubtedly 
corresponds  to  vast  periods  of  time,  "it  cannot  safely  be  affirmed 
that  a  much  less  thickness,  elsewhere,  represents  a  correspondingly 
diminished  period." 

The  nomenclature  of  the  stratified  rocks  is,  as  Geikie  says,  a 
patchwork.  Some  of  the  earliest  names  are  lithological — chalk, 
oolite,  greensand,  and  millstone  grit;  others  are  topographical — 
Jurassic  (Jura),  Permian  (Perm  in  Russia),  Neocomian  (Neuf- 
chatel),  etc.;  others  are  taken  from  local  English  names — lias, 
gault,  crag,  etc. ;  others  are  based  upon  numerical  considerations — 
Dyas  and  Trias.  Those  of  the  divisions.  Palaeozoic,  Mesozoic,  and 
Cainozoic  (primary,  secondary,  and  tertiary,  as  they  are  sometimes 
called),  signify  ancient   life,  middle  life,  and  recent  life.  The 
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Systems. 

FOBMATIONS.  I 

( 

Hecent.  < 

Terrestrial,  Alluvial,  Estuarine,  and 
Marine  Beds  of  Historic,  Iron, 
Bronze,  and  Neolithic  Ages. 

Peat.  Alluvium.  Loess. 

Pleistocene  ) 
(250  ft.).  < 

Valley  Gravels,  Brick-earths. 
Cave  Deposits. 
Raised  Beaches. 
Palseolithic  Age. 
Boulder-clay  and  (travels. 

Pliocene  ( 
(100  ft.).  1 

Miocene  ( 
(125  ft.).  \ 

Eocene  ( 
(2,600  ft.).  \ 

Norfolk  Forest-bed  Series. 
Norwich  and  Red  Crags. 
Coralline  Crag  (Diestian). 

CEningen  Beds  Fresh-water,  etc. 

Fluvio-marine  Series  (Oligocene). 
Bagshot  Beds         )  (Nummulitic 
London  Tertiariea  f  Beds). 

Cretaceous  J 
(7,000  ft.).  1 

Maestricht  Beds. 
Chalk. 

Upper  (Jreensand. 
Qault. 

Ifoocomian.  | 

Lower  Greensand. 
Wealden. 

Jurassic  J 
(3,000  It.).  \ 

Purbeck  Beds. 
Portland  Beds. 

Kimmeridge  Clays  (Solenhofen  Beds). 

Corallian  Beds. 

Oxford  Clay. 

Great  Oolite  Series. 

Inferior  Oolite  Series. 

Lias. 

Triassic  ) 

(3,000  ft.).  j 

Rhaetic  Beds. 
Keuper. 
Muschelkalk. 
Bunter. 

Permian  or  Dyas  J 
(500  to  3,000  ft.).  1 

Red  Sandstone,  Marl         (  Zech- 
Magnesian  Limestone,  etc.  f  stein. 
Red  Sandstone  and  Conglomerate. 
Rothliegende. 

Carboniferous  j 
(12,000  ft.).  1 

Coal-measures  and  Millstone  Grit. 
Carboniferous  Limestone  Series. 

Devonian  and  Old  ( 
Red  Sandstone  { 
(5,000  to  10,000  ft.)  ( 

Upper  Old  Red  Sandstone. 
Devonian. 

Lower  Old  Red  Sandstone. 

Silurian  1 
(3,000  to  5.000  ft.).  1 

Ludlow  Series. 
Wenlock  Series. 
Llandovery  Series. 
May  Hill  Series. 

Ordovician  j 
(5,000  to  8,000  ft.).  1 

Bala  and  Caradoc  Series. 
Llandeilo  Series. 
Llanvirn  Series. 
Arenig  and  Skiddaw  Series. 

Cambrian  ) 
(20,000  to  30,000  ft.).  1 

Tremadoc  Slates. 

Lingula  Flags. 

Menevian  Series. 

Harlech  and  Longmynd  Series. 

Xozoic.  Archaean  ( 
(30,C0Oft.).  I 

Pebidian,  Arvonian,  and  Dlmetian. 
Huronian  and  Laurentian. 

life-Periods. 
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Greek  word  xatvo's  (new,  recent)  also  appears  in  the  terms  eocene, 
etc. — eocene  being  derived  from  t^o'js  (dawn),  and  /cau'ds  (recent), 
and  miocene,  pliocene,  and  pleistocene  from  the  same  word  in 
combination  with  yotctW  (less),  TrAetwv  (more),  and  TrAeto-ro?  (most). 

The  table  of  stratified  rocks,  prepared  in  the  geological  depart- 
ment of  the  British  Museum  {See  p.  151),  shows  the  approximate 
depth  in  feet  of  the  several  systems,  and  indicates  the  range  in 
geological  time  of  the  various  forms  of  life. 

The  formations  which  lie  superficially  have  been  shown  in  dis- 
tinctive colouring  and  lettering  upon  the  inch  sheets,  and,  in  the 
case  of  some  parts  of  the  country,  upon  the  six-inch  sheets  of  the 
geological  survey  of  Great  Britain.  In  these  maps  faults  are  indi- 
cated by  white  lines,  lodes  by  gold  lines,  the  dip  of  strata  is  shown 
by  arrows,  and  so  on.  Descriptive  memoirs  have  been  prepared  to 
accompany  many  of  the  sheets,  and  certain  general  memoirs  have 
also  been  published.  A  "  Guide  to  the  Geology  of  London  and  the 
Neighbourhood  "  originally  planned  in  illustration  of  the  Geological 
Model  of  London  in  the  Museum  at  Jermyn  Street,  and  a  pamphlet 
on  "  Soils  and  Subsoils "  appear  ir>  this  sei'ies. 

Soil  Features  in  Relation  to  Health. — Districts  in  which 

the  igneous  rocks  lie  at  the  surface  are  usually  hilly,  the  rainfall 
may  be  excessive,  but  the  Avater  for  the  most  part  runs  away  over 
the  surface  and  does  not  percolate.  In  localities  where  the  clay 
.slates  prevail,  water  is  often  scarce.  The  mill-stone  grit, 
belonging  to  the  carboniferous  formation,  is  hard  and  impermeable, 
and  water  readily  runs  away  over  it.  In  limestone  districts  the 
country  is  as  a  rule  undulating,  and  the  water  is  hard ;  in  the  case  of 
maghesian  limestone  question  has  been  raised  as  to  possible  influence 
of  the  soil  in  favouring  the  prevalence  of  goitre.  Sandstones  and 
the  chalk  formation  are  permeable,  and  as  a  rule  healthy. 

The  "  London  basin "  is  formed  by  deposits  of  chalk  some  600 
feet  in  thickness.  These  overlie  the  upper  greensand,  gault  clay,  and 
lower  greensand,  beneath  which,  to  the  south  of  London,  outcrop 
the  Weald  clay  and  tJie  Hastings  beds.  In  the  hollow  of  the  basin, 
superimposed  upon  the  chalk,  are  the  lower  London  tertiaries,  and 
these  are  overlaid  by  the  London  clay,  while  this  again  in  places  is 
covered  by  beds  of  the  Bagshot  series,  and  elsewhere  by  patches  of 
glacial  drift,  river  gravel,  brick  earth,  or  alluvium.  The  lower 
London  tei'tiaries  are  of  varying  character,  tlie  lowest  of  the  series, 
the  Thanet  beds,  are  for  tlie  most  part  sandy  and  diy,  but  the  area 
of  their  exposure  is  of  limited  extent ;  the  Woolwich  and  Reading 
beds  contain  sands,  gravels,  and  clays,  and  localities  where  thay  outcrop 
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tend  to  show  signs  of  dampness ;  the  Blackheath  beds  are  of  gravel, 
and  places  where  they  are  exposed  form  excellent  building  sites. 
The  London  clay  is,  generally  speaking,  damp,  and  in  very  dry 
weather  the  soil  cracks  and  fissures.  If  the  surface  be  undulating, 
so  that  water  can  drain  away  readily,  the  disadvantages  of  London 
clay  are  minimised,  and  Symons  held  that  "  a  house  on  a  clay  soil  is 
not  necessarily  more  open  to  objection  than  one  on  gravel."  If  the 
locality,  however,  be  one  in  which  London  clay  lies  superficially  in 
an  area  well  nigh  flat,  or  situated  in  a  valley,  so  that  water  drains 
towards  and  not  away  from  it,  it  is  sure  to  be  more  or  less  damp. 

High-lying  river  gravels  and  sands  form  as  a  rule  excellent  sites 
for  habitations,  and  the  Bagshot  beds  also  possess  this  character. 
The  valley  gravels  constitute  for  the  most  part  the  areas  upon 
which  Old  London,  and  the  villages  surrounding  it  which  are  now 
absorbed  in  London,  were  built.  In  some  instances,  where  these 
areas  are  low-lying,  the  level  of  the  subsoil  water  is  high,  and  the 
basements  of  houses  are  apt  to  show  signs  of  dampness.  The  brick 
earth  is  practically  impervious,  and  holds  up  water,  but,  other 
things  being  equal,  to  a  less  extent  than  clay.  In  manj^  localities  it 
has  been  excavated  for  brick-making,  and  the  material  removed  has 
been  replaced  by  house  refuse  or  other  rubbish.  In  many  places, 
too,  gravel  has  been  excavated,  and  the  pits  formed  have  been  filled 
in,  sometimes  with  material  containing  decomposing  organic  matter 
Alluvium,  being  low-lying,  is  generally  damp  and  liable  to  flooding, 
there  is  usually  difiiculty  in  providing  systems  of  sewerage  for 
alluvial  tracts,  inasmuch  as  their  low  level  is  apt  to  entail  inadequacy 
of  fall  in  the  sewers.  Some  alluvial  tracts  have  been  artificially 
raised  and  houses  have  been  built  upon  the  made-ground,  in  other  in- 
stances alluvial  land  has  been  utilised  for  the  construction  of  docks. 

In  parts  of  Old  London  the  "made-ground"  is  of  some  thickness, 
having  accumulated  to  the  extent  of  six  inches  or  more  in  a  liundred 
years.  The  Bank  of  England  rests  on  about  twenty-two  feet  of  made- 
ground.  If  such  ground  be  of  ancient  origin,  or  if  good  material  has 
been  employed  for  artificially  raising  its  level,  there  can  be  no  objection 
to  its  use  for  building  purposes ;  but  in  instances  in  which  refuse  has 
been  tipped  with  a  view  to  filling  up  excavations,  or  raising  levels, 
the  inhabitants  are  eminently  liable  to  exposure  to  emanations 
from  the  impure  soil.  In  recent  years  practices  of  the  kind  referred 
to,  have  been  to  some  extent  controlled,  by-laws  being  in  force  in 
some  localities,  which  require  the  removal  of  refuse  material  before 
ground  can  be  used  for  building  purposes ;  again,  when  the  soil  upon 
which  a  house  is  built  is  not  natural  virgin  soil,  it  is  usual  to  insist 
upon  the  surface  being  covered  with  concrete  to  a  specified  tliickness. 
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Ground  Air. — All  soils  contain  air,  and  only  the  very  densest 
rocks  are  free  from  it ;  loose  sands  may  yield  50  per  cent,  of  air. 
Pettenkofer  showed  that  there  was  a  much  larger  amount  of  car- 
bonic acid  in  ground  air  than  exists  in  the  atmosphere,  the  quantity 
becoming  greater  at  increasing  depths,  and  being  subject  to  annual 
and  seasonal  variations.  Eainfall  has  especially  marked  effect  upon 
the  amount  of  carbonic  acid  in  ground  air ;  an  increase  occurs  after 
rain,  the  carbonic  acid  being  locked  up  in  the  deeper  parts  of  the 
soil,  the  amount  subsequently  diminishes,  owing  to  absorption  of 
the  gas  by  the  water  in  the  soil.  The  oxygen  in  ground  air 
diminishes  at  increasing  depths.  The  quantitj'^  of  nitrogen  is  fairly 
constant,  being  about  the  same  as  that  in  the  atmosphere.  The 
amount  of  air  in  a  piece  of  rock  may  be  estimated  by  weighing 
the  rock  in  the  ordinary  way,  then  weighing  it  in  water,  and 
again  Aveighing  it  after  removal  from  the  water,  when  it  is  saturated 
with  moisture.    The  percentage  of  air 

j  the  Aveight  of  the  rock  when  |     \  its  original  weight  I 

j     saturated  with  moisture     f     )  in  air  f 

—  ^  1  ^  '  X  100 

its  weight  in  air  -  its  weight  in  water 

In  the  case  of  a  loose  soil,  the  dried  and  powdered  material  is  placed 

in  a  burette,  and  water  is  allowed  to  rise  through  the  soil  until  it 

just  appears  at  the  surface  ;  then  the  percentage  of  air 

the  amount  of  water  used  ,  „  „ 

=   r   X  100 

the  number  of  c.c.  of  dry  soil 

Ground  Water. — If  air  and  water  exist  together  in  a  soil,  the 
soil  is  said  to  be  moist ;  when  the  point  is  reached,  at  which  the  inter- 
stices of  the  soil  are  entirely  filled  with  water,  the  ground  water  level 
has  been  arrived  at.  This  level  of  the  ground,  or  subsoil,  water 
may  vary  from  only  a  few  feet  to  many  hundreds  of  feet  from  the 
surface.  The  ground  water  is  in  constant  movement,  ever  flowing 
toAvards  the  nearest  stream  or  towards  the  sea.  Its  level  is  liable  to 
fluctuation,  particularly  in  connection  with  rainfall.  Pettenkofer 
first  called  attention  to  the  importance  of  measuring  tlie  A-ariations 
in  level  of  the  ground  Avater ;  the  necessary  data  may  be  ascertained 
by  noting  the  levels  of  Avells,  and  Pettenkofer  and  others  were  led 
to  the  conclusion  that  variations  in  the  level  of  the  subsoil  Avater 
have  important  influence  in  faA'Ouring  the  spread  of  certain 
diseases,  particularly  cholera  and  enteric  fever. 

Soil  Temperature. — Difi'erent  soils  possess  A-ery  A'arjnng  capa- 
cities for  absorbing  and  giving  ofi"  heat,  but  all  soils  are  more  readily 
warmed  than  water  is.    Sand  is  heated  more  rapidly  than  clay,  and 
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the  damp  clays  which  warm  slowly  are  commonly  designated  cold 
soils.  The  ability  of  soils  to  radiate  heat  depends  on  their  colour, 
and  upon  the  extent  to  which  they  are  covered  by  vegetation.  As 
a  rule  soils  cool  more  quickly  than  they  become  heated.  The 
temperature  of  the  deeper  layers  of  the  soil  does  not  respond  to 
fluctuations  in  atmospheric  temperature  so  speedily  as  the  tem- 
perature of  the  surface  soil;  thus,  it  may  be  some  days  after  the 
summer  maximum  of  temperature  is  attained,  before  the  tempera- 
ture at  1  ft.  below  the  surface  reaches  its  maximum,  and  at  a  depth 
of  3  ft.,  the  maximum  will  be  still  longer  delayed. 

Fodor,  at  Buda  Pesth,  found  the  average  maximum  temperature, 
at  ^  to  1  metre,  was  reached  in  August;  at  a  depth  of  2  metres,  not 
until  September;  and  at  a  depth  of  4  metres  it  was  not  observed 
until  October.  The  influence  of  daily  changes  of  temperature  is  not 
appreciable  in  this  country  at  depths  exceeding  about  4  ft.,  while 
at  40  ft.  annual  variations  of  temperature  cease  to  produce  any 
effect.  Below  this  depth  the  temperature  of  the  soil  increases 
about  1"  E.  for  every  additional  50  ft.  below  the  surface. 

In  estimating  soil  temperatures  Lewis  and  Cunningham  caused  an 
excavation  to  be  made  to  a  depth  of  about  6  ft.  A  lining  of 
brickwork  and  means  of  drainage  were  provided ;  two  openings  in  the 
side  of  the  brickwork,  at  3  and  6  ft.  below  ground  level,  were  made  to 
communicate  with  wide  tubes  of  perforated  zinc  running  horizontally 
through  the  soil ;  into  these  tubes  thermometers  were  inserted,  the 
opening  in  the  brickwork  being  closed  with  a  cover  and  coated 
over  with  moist  clay.  Importance  has  been  attached  to  variations 
in  the  temperature  of  the  soil,  at  a  depth  of  from  1  to  3  ft.  from 
the  surface,  in  connection  with  summer  diarrhoea ;  this  question  will 
be  referred  to  later. 

Micro-organisms  in  Soil. — Samples  of  the  soil,  the  contained 
micro-organisms  of  which  it  is  proposed  to  examine,  may  be  readily 
obtained  from  a  depth  some  distance  from  the  surface  by  the  use 
of  what  is  known  as  Frankel's  borer.  This  instrument  is  provided 
at  its  lower  end  with  a  movable  shell,  which  can  be  opened  when  the 
point  is  reached  at  which  it  is  desired  to  obtain  a  sample  of  earth, 
and  closed  again  as  the  instrument  is  withdrawn ;  the  sample  can 
then  be  removed  for  bacteriological  examination.  Small  portions 
of  the  earth  are  mixed  as  thoi'oughly  as  possible  with  sterilised 
liquefied  gelatine,  and  distributed,  on  the  walls  of  a  tube  containing 
gelatine,  with  a  platinum  needle.  From  this  tube  sub-cultures 
can  be  made.  As  many  of  the  bacteria  in  soil  are  aiuierobic,  it  is 
necessary  to  cultivate  in  the  absence  of  oxygen,  in  order  to  give 
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such  organisms  opportunity  to  develop.  The  number  of  germs 
is  said  to  increase,  as  a  rule,  up  to  a  depth  of  a  foot  or  more,  but 
below  a  few  feet  from  the  surface  there  ensues  marked  diminution, 
and  beyond  12  or  15  feet  the  organisms  are  very  few  in  number, 
if  indeed  they  be  found  at  all.  Much  attention  has  been  devoted  of 
late  years  to  the  influence  of  forms  of  bacterial  life  upon  the  process 
of  nitrification  Avhich  occurs  in  soils.  Schlosing  and  Muntz  first 
suggested  in  1877-78  that  nitrification  was  the  result  of  the  growth 
of  micro-organisms. 

Soil  and  Disease. 

Among  pathogenic  bacteria  the  tetanus  bacillus,  the  bacillus  of 
malignant  cedema,  and  the  anthrax  bacillus  have  been  often  demon- 
strated in  soil.  In  the  case  of  some  other  diseases,  although  the 
specific  germ  Avhich  causes  the  malady  is  either  unknown  or  cannot 
be  shown  to  exist  under  natural  conditions  in  the  soil,  the  relation 
between  particular  soil  states  and  prevalence  of  the  disease  has  yet 
been  clearly  made  out.  There  are  again  certain  other  diseases  which 
are  suspected  on  more  or  less  conclusive  grounds  to  be  associated 
Avith  particular  conditions  of  soil. 

Tetanus. — Among  diseases  belonging  to  the  class  first  referred 
to  tetanus  is  a  striking  example.  The  organism  which  produces  this 
disease  is  an  anaerobic  bacillus,  and  it  has  been  repeatedly  isolated 
from  soil.  The  fact  that  wounds  of  exposed  parts  of  the  body  are 
specially  liable  to  be  followed  by  tetanus,  is  a  reason  for  supposing 
that  the  bacillus  may  obtain  entrance  to  the  body  Avith  particles 
of  dirt  introduced  into  such  Avounds.  It  is  said  that  the  practice 
of  Avalking  bare-foot  predisposes  to  infection.  Inasmuch  as  grooms, 
and  others  Avho  are  brouglit  in  contact  Avith  horses,  especially 
suffer  from  the  malady,  it  has  been  suggested  that  the  disease  is  in 
some  way  associated  Avith  horses,  and  that  horse-dung  may  be  the 
medium  of  its  transmission. 

Malignant  OEjdema  is  a  malady  caused  by  a  bacillus,  resembling 
in  some  respects  the  antlirax  bacillus,  but  differing  from  it  in  being 
anaerobic.  The  organism  is  Avidely  distributed,  and  can  generally  be 
demonstrated  in  manured  garden  earth.  It  produces  a  fatal  disease 
in  mice,  guinea-pigs,  and  rabbits,  and  sometimes  afl'ects  man,  usually 
occurring  in  connection  Avith  compound  fractui'es,  and  producing 
a  rapidly  spreading  (edema,  with  emphysema  of  the  subcutaneous 
tissues. 
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Anthrax  bacilli  have  been  found  in  soil,  to  which  the  discharges, 
or  blood  of  infected  animals  has  had  access,  or  in  which  the  carcases, 
of  such  animals  have  been  buried  ;  moreover,  cattle  pastured  upon 
infected  areas  have  acquired  the  disease.  Pasteur  suggested  that 
the  anthrax  spores  were  brought  to  the  surface  by  the  agency  of 
earth-worms,  but  this  theory  has  been  questioned  on  the  ground 
that  sporulation  only  occurs  in  the  presence  of  oxygen.  The  risk  of 
spread  of  the  malady  can  be  controlled  to  a  large  extent  by  burying 
deeply  the  carcases  of  animals  dying  of  anthi-ax,  and,  particularly,, 
by  taking  care  to  prevent  blood  and  discharges  from  polluting  the 
soil.  It  is  important,  therefore,  that  the  infected  carcase  should 
not  be  opened  before  burial,  and  that  no  attempt  should  be  made 
to  utilise  the  hide  or  any  other  part  of  the  animal. 

Lead  Poisoning". — The  subject  of  lead-poisoning  by  action,, 
more  particularly  of  peaty  waters,  upon  leaden  pipes  has  been 
already  referred  to.  Acidity  of  the  Avater  has  been  found  to  have 
important  influence  upon  lead  dissolving  capacity,  and  Houston'* 
experiments  have  shown  that  certain  micro-organisms,  which  can  be 
isolated  from  peaty  soils,  are  concerned  in  communicating  to  the 
water  the  acidity  in  question. 

Among  diseases  of  the  second  group  cholera,  enteric  fever,, 
epidemic  diarrhcea,  and  phthisis  must  be  mentioned. 

Cholera.— This  disease  shoAvs  such  a  remarkable  tendency  to- 
originate  time  after  time  in  particular  localities  that  the  possibility 
of  some  important  relationship  existing  between  it  and  states  of 
soil  has  been  a  frequent  subject  of  investigation.  Pettenkofer, 
of  Munich,  was  led  to  the  conclusion  that  for  cholera  prevalence 
a  pervious  soil,  and  one  in  which  the  level  of  the  subsoil  water 
undergoes  considerable  fluctuations,  is  an  absolute  necessity.  He 
held  that  the  specific  germ  must  be  present  in  the  soil,  but  thought 
it  could  only  cause  outbreaks  of  cholera  under  certain  favouring 
conditions,  and  particularly  when  the  ground  water  begins  to  fall,, 
after  having  risen  to  a  higher  level  than  usual.  A  third  factor,  the 
importance  of  which  he  emphasised,  is  individual  predisposition,  and 
the  co-existence  of  all  three  factors,  x,  y,  and  z,  as  he  termed  them, 
was,  he  held,  necessary  before  cholera  could  occur. 

These  views  have  been  freely  criticised  by  Koch  and  others, 
and  for  some  time  there  Avas  much  discussion  between  the 
"  soil  theorists "  or  "  localists "  on  the  one  hand,  and  tlie  "  con- 
tagionists "  on  the  other  ;  the  former  attaching  special  importance 
to  the  influence  of  soil,  the  latter  regarding  the  presence  of  the 
specific  organism  as  of  paramount  importance,  and  the  question 
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of  soil  conditions  (in  relation  to  place,  season,  etc.)  as  a  compara- 
tively minor  matter.  According  to  Koch,  the  "  localistic "  view  is 
to  the  effect  that  water  has  not  an  infective,  but  merely  a  pre- 
disposing influence ;  that  in  this  way  unfiltered  M'ater  may  be 
thought  of  as  conveying  filth  into  the  dwelling,  into  the  streets, 
into  the  soil,  and  thus  bringing  about  a  condition  of  soil  favour- 
able to  the  development  of  the  cholera  germ.  Cholera  prevalences 
in  Europe  in  1892  and  1893  established  beyond  all  question  the 
fact  that  the  malady  is  frequently  transmitted  by  water,  and  thus 
did  much  to  strengthen  Koch's  contention  that  the  cholera  vibrio 
is  the  cause  of  the  disease,  and  that  water  containing  it  must  be 
regarded  as  possessing  infective  properties;  the  soil  theory,  on  the 
other  hand,  fell  into  some  disfavour. 

The  question  as  to  the  reason  why  cholera  should  from  time  to 
time  be  enabled  to  spread,  from  localities  in  which  it  is  endemic,  over 
the  greater  part  of  the  world  still,  however,  awaits  explanation. 
In  1883  W.  H.  Power  suggested  that  the  germ  "  has  phases  in  its  life- 
history,  during  some  of  which  it  has  not,  and  in  others  it  has,  the 
power  of  producing  cholera."  These  he  termed  "  the  non-malignant 
and  malignant  phases."  He  further  suggested  that  it  is  only 
within  certain  geographical  limits — "its  customary  area" — that  the 
organism  has  the  faculty  of  passing  from  non-malignant  into 
malignant  phase.  In  both  phases  it  has  the  power  of  multiplying, 
and  in  both  it  is  liable  to  be  conveyed  and  deposited  here  and  there 
throughout  the  world.  Where  the  local  and  climatic  conditions  are 
unfavourable,  the  tendency  is  towards  the  production  of  the  non- 
malignant  phase.  Should,  however,  the  said  conditions  become 
favourable,  while  the  organism  in  its  malignant  phase  is  still  present, 
cholera  results.  This  hypothesis  affords  explanation  of  the  fact 
that  "  local  outbreaks  of  the  disease  are  apt  to  be  of  small 
dimensions,  when  they  appear  for  the  first  time,  after  the  convection 
of  cholera  to  a  place."  The  conveyed  organism  then  only  produces 
cholera  "  in  quantity  proportioned  to  its  own  quantity,  or  to  the 
quantity  of  its  immediate  descendants,  produced  during  the 
maintenance  of  the  requisite  conditions."  When,  liowever,  after 
an  interval  of  freedom  from  the  disease,  the  requisite  conditions 
recur,  the  organisms  which  continue  to  live  in  malignant  phase 
may  have  become  more  numerous  than  in  earlier  generations,  and, 
if  this  be  the  case,  the  local  outbreak  produced  may  be  of  larger 
dimensions  than  the  original  outbreak. 

This  hypothesis  opens  up  a  furtlier  field  of  inquiry  as  to  the 
influence  of  soil  conditions  upon  the  cholera  organism.  Experi- 
jnents  have  been  made,  with  a  view  to  determining  the  vitality 
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of  the  cholera  organism  in  soil,  by  Cunningham,  Dempster, 
and  others.  Houston  has  tested  the  organism  "  in  rure "  by- 
sowing  it  in  natural  soil  and  exposing  it  "  to  conditions  seasonal, 
meteorological,  and  other,  such  as  would  be  likely  to  be  encountered 
by  Koch's  vibrio,  were  it  to  become  in  the  course  of  a  cholera 
outbreak  self-sown,  as  it  were,  in  the  soil,  garden  or  other,  of 
town  or  country."  Houston  tested  in  like  manner  the  bacillus 
prodigiosus;  this  organism  was  recoverable  from  the  soil  after 
months,  "  whereas  the  exotic  Koch's  vibrio,  though  repeatedly  sown 
in  large  numbers  over  several  square  feet  of  surface,  could  with 
difficulty  be  recovered  from  the  soil  after  the  lapse  of  a  few 
days."  There  was  in  these,  as  in  previous  experiments  by  Klein, 
suggestion  "  of  a  tendency  in  Koch's  vibrio  under  adverse  cultural 
conditions  to  undergo  morphological  modification  to  an  extent 
rendering  it  extremely  difficult  of  identification."  Experiments 
made  in  areas  of  endemic  prevalence  of  cholera,  in  India,  indicate 
that  in  certain  soils  the  cholera  vibi'io  can  maintain  its  \itality  and 
even  multiply. 

Enteric  Fever. — The  observations  of  Pettenkofer,  vdih.  regard 
to  the  relation  between  height  of  ground-water  and  outbreaks  of 
cholera,  led  to  similar  inquiries  being  made  concerning  enteric 
fever.  Buhl,  from  examination  of  records  relating  to  the  Munich 
wells,  concluded  that  prevalence  of  enteric  fever  occurs  when  the 
ground-water  level  is  low,  and  particularly  when,  after  rising  to  an 
unusual  height,  it  has  rapidly  fallen.  Pettenkofer  confirmed  these 
results,  but  in  this  country  the  relation  in  question  has  not  been 
generally  observed.  Buchanan  suggested  that,  even  when  enteric 
fever  is  found  to  spread,  soon  after  a  rapid  fall  following  upon 
a  sudden  rise  of  the  ground-water,  it  is  possible  that  the 
prevalence  is  due  to  the  falling  water  being  the  means  of  conveying 
impurity  into  wells  and  so  causing  contamination  of  drinking  water. 

The  continued  presence  of  enteric  fever  in  large  towns  which  have 
obtained  pure  supplies  of  water,  and  the  fact  that  the  disease  shows 
a  tendency  to  specially  affect  the  same  localities  year  after  year, 
has,  however,  led  to  a  number  of  observations  being  made  with  a 
view  to  determining  what  are  the  conditions,  if  there  be  any,  which 
lead  to  soil  states  playing  a  part  in  connection  with  prevalence  of 
enteric  fever.  Certain  registration  districts  in  Durham  (including 
those  in  which  the  outbreak  investigated  by  Barry  in  1890  and 
1891  occurred)  have  shown,  for  a  number  of  years,  excessive 
mortality  from  enteric  fever ;  again,  the  death-rate  in  Dublin,  from 
this  disease,  has  for  many  years  been  high,  and  this  fact  has  been 
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attributed  to  saturation  of  the  soil  witli  the  specific  organisms 
which  cause  the  disease.  Sir  Charles  Cameron  has  pointed  out 
that  the  number  of  cases  of  enteric  fever  among  inhabitants  of 
Dublin  living  on  gravel  soil  is  considerably  higher  than  among 
those  living  on  stiff  clay,  and  he  suggested,  as  a  possible  explana- 
tion, the  greater  likelihood  of  germs  being  carried  into  the  air  in 
the  case  of  the  porous  soil  than  in  that  of  the  stiff  clay  soil. 

The  ability  of  the  enteric  fever  organism  to  develop  in  soil  has 
been  made  the  subject  of  study  by  Sidney  Martin  for  the  Local 
Government  Board.  Dealing  first  Avith  sterilised  soils,  he  found 
that  such  soils,  if  they  contained  a  large  amount  of  organic  matter, 
afforded  a  medium  in  which  the  bacillus  retained  Adtality  for  periods 
of  many  months.  In  "  virgin  soils,"  similarly  dealt  with,  no  sign  of 
vitality  could  be  discovered  after  a  few  weeks.  When,  however,  the 
vitality  of  the  bacillus  was  tested  in  unsterilised  soils,  it  was  found 
that  it  at  once  died  out;  this  fact  being  apparently  due  to  its 
inability  to  compete  with  the  bacteria  natural  to  soil.  On  examina- 
tion of  the  extent  to  which  particular  species  of  soil-bacteria  were 
able  to  inhibit  the  growth  of  the  typhoid  organism,  it  was  found 
that,  while  some  of  these  species  "  quickly  suppressed  the  typhoid 
bacillus  and  others  of  them  flourished,  so  to  speak,  side  by  side  with 
the  microbe,  others  again  not  only  could  not  compete  with,  but  were 
inhibited  by  the  micro-organism  of  enteric  fever." 

Houston  mentions  two  reasons  which,  in  his  opinion,  make  it 
unlikely  that  Bacillus  typhosus  should  thrive  in  the  surface  layers  of 
soil.  The  first  is  that  in  soil  from  various  sources  BaciUus  eoli  (a 
more  hardy  germ  than  Bacillus  typhosus)  "was  not  found  to  be  by 
any  means  habitually  present."  Secondly,  "  the  number  of  spores  of 
aerobic  bacteria  in  soils  is  enormous,"  and  this  seems  to  indicate 
"that  the  surface  layers  of  soil  must  be  frequently  exposed  to 
physical  conditions  inimical  to  microbial  life."  Houston  refers,  on 
the  other  hand,  to  the  results  obtained  by  Kobertson  at  Sheflield. 
This  investigator  found  that  Bacillus  typhosus  could  persist  for  long 
periods  in  certain  soils,  and  that  it  could  grow  to  the  surface  when 
planted  at  a  depth  of  eighteen  inches.  Theodore  Thomson  m 
1899,  in  connection  with  study  of  enteric  fever  at  Chichester 
enumerated  various  considerations  telling  in  favour  of  or  against 
a  hypothesis  that  soil  had  played  a  part  "  in  fostering  the  vitality 
and  morbific  power  of  the  infective  material  of  enteric  tever. 

Diarrhoea.-The  cause  of  the  very  fatal  malady  (of  which 
diarrhea  is  the  most  prominent  symptom)  which  especially  affects 
children  under  one  year  of  age,  and  more  particularly  prevails  in 
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the  late  summer  and  autumn,  has  been  held  to  be  intimately  asso- 
ciated with  certain  states  of  soil.  This  soil  theory  of  diarrhoea 
was  examined  in  great  detail  by  Ballard.  He  showed  that  the 
mortality  from  the  disease  is  greater,  generally  speaking,  upon 
porous  soils  than  upon  hard,  impervious  soils.  He  particularly  in- 
sisted upon  the  influence  exerted  by  fouling  of  the  soil  with  organic 
matter— for  example,  in  cases  in  which  dwellings  are  erected  upon 
made  ground  ;  in  localities  in  which  the  midden-privy  system  of  dis- 
posing of  excreta  contributes  to  soil  pollution ;  and  again  in  places  in 
which  a  somewhat  similar  condition  of  things  is  brought  about  by 
leaky  cesspools  or  defective  drains.  As  regards  moisture,  Ballard 
found  that  extreme  dampness  or  dryness  was  not  so  favourable  as 
the  intermediate  condition  in  which  the  soil,  while  damp,  permitted 
air  to  circulate  through  its  surface  layers.  The  question  of  tem- 
perature he  regarded  as  especially  important;  he  found  that  the 
summer  rise  of  diarrhceal  mortality  did  not  commence  in  any  par- 
ticular year  until  the  mean  temperature  recorded  by  a  "  four-foot " 
earth  thermometer  had  reached  about  56°  Fahr. 

The  late  Dr.  Tomkins,  Medical  Officer  of  Health  of  Leicester  (one 
of  the  English  towns  having  a  specially  high  diarrhceal  mortality), 
was  of  opinion  that  the  temperature  recorded  by  the  "one-foot' 
earth  thermometer  was  of  more  significance  than  that  recorded  by 
the  "  four-foot "  thermometer.    Some  doubt  has  of  late  years  been 
expressed  as  to  whether  any  significance  should  be  attached  to  the 
observed  relation  between  diarrhceal  mortality  and  earth  tempera- 
tures at  different  depths.    A  certain  number  of  days,  it  is  urged, 
are  required  for  incubation  of  the  disease  and  for  its  gradual  deve- 
lopment to  a  fatal  termination  ;  again,  time  must  necessarily  elapse 
before  the  death  can  be  registered.    It  may  be  argued,  therefore, 
that  the  period  of  maximum  mortaHty  might  be  expected  (on  the 
assumption  that  high  atmospheric  temperatures  favour  diarrhcea) 
to  lag  behind  that  at  which  the  highest  atmospheric  temperature 
is  recorded.     In  fact,  the  date  of  maximum  recorded  mortality 
should,   in  view   of  the   facts   stated,  stand  in    closer  relation 
with  the  time  at  which  maximum  temperatures  at  some  little 
depth  below  the  surface  are  observed,  than  with  that  at  which  the 
maximum  atmospheric  temperature   occurs.     Even  if  the  earth 
temperature  hypothesis  be  regarded  as  altogether  unconvincing, 
however,  the  other  reasons  for  associating  diarrhoea  with  soil-states 
still  remain.    Newsholme  has  recently  pointed  out  that  incidence 
of  diarrhcea  follows  want  of   rainfall  more  closely  tlian  it  does 
the  mean  temperature  of  the  air.    He  concludes  that  the  soil  is  an 
important  factor  in  diarrhoea,  but  that  by  provision  of  impervious 
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paving  in  streets  and  yards,  and  of  impervious  flooring  in  houses, 
and  by  flushing,  cleansing  operations,  etc.,  the  influence  of  this  factor 
can  be  materially  lessened. 

The  provisional  hypothesis  formulated  by  Ballard  was  to  the  effect 
that  the  essential  cause  of  diarrhoea  resides  ordinarily  in  the  super- 
ficial layers  of  the  earth,  and  is  intimately  associated  with  a  micro- 
organism as  yet  unisolated.  The  vital  manifestations  of  this  organism 
are  dependent  on  season  and  on  the  presence  of  dead  organic  matter ; 
on  occasion  it  "is  capable  of  getting  abroad  from  its  primary 
habitat,  the  earth,  and  becoming  air  borne,"  thus  obtaining  access 
to  food,  etc.  From  food  and  from  the  organic  matter  of  particular 
soils  the  organism  can  manufacture  a  virulent  chemical  poison,  and, 
according  to  Ballard,  "this  chemical  substance  is  in  the  human 
body  the  material  cause  of  diarrhoea." 

Phthisis. — More  than  thirty  years  ago  Buchanan  in  this 
country,  and  Bowditch  in  the  United  States,  were  independently  led 
to  the  conclusion  that  phthisis  mortality  was  greater  upon  retentive 
than  upon  permeable  soils.  The  observations  of  Bowditch  were 
made  in  Massachusetts;  the  subject  was  forced  upon  Buchanan's 
attention,  in  the  first  instance,  as  the  result  of  an  inquiry  made 
by  him  in  1865-66,  concerning  the  "results  hitherto  gained  by 
works  and  regulations  designed  to  promote  the  public  health."^ 

The  work  of  improving  the  sanitary  condition  of  the  large  English 
towns,  which  was  undertaken  as  the  result  of  the  passing  of  the 
Public  Health  Act  of  1848,  was  seen,  as  time  went  on,  to  be 
productive  of  marked  benefit,  and  in  1865  it  was  held  to  be  desirable 
to  gauge  the  extent  to  which  the  mortality  from  diff"erent  forms  of 
disease  had  been  affected.  Dr.  Buchanan,  who  was  entrusted  with 
this  piece  of  work,  selected  as  the  field  of  his  inquiry  twenty-five 
towns  with  a  total  population  of  600,000  persons,  these  towns  being 
chosen,  not  because  of  any  observed  improvement  in  their  mortality 
statistics,  but  as  being  places  in  which  works  of  sanitary  improvement 
had  been  most  thoroughly  done  and  had  been  longest  in  operation. 

Some  of  these  towns  contained  only  3,000  to  4,000  inhabitants  : 
the  largest  of  them,  Bristol  with  Clifton,  had  a  population  of  some 
160,000  persons.  The  works  carried  out,  the  effect  of  which  it 
was  Buchanan's  intention  to  study,  were,  in  the  main,  works  of 
improvement  of  drainage,  water  supply,  and  scavenging,  and  with 
these  had  to  be  considered  efforts  made  to  amend  lodging  accommoda- 
tion, and  to  cope  with  overcrowding.  The  method  proposed  for 
testing  the  influence  exerted  by  carrying  out  these  works,  was  that 
of  comparing  the  deaths  recorded  at  a  later,  with  those  registered  at 
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an  earlier  period.  Buchanan  pointed  out  that  "the  quantity  of 
non-medical  certification  of  causes  of  death  "  was  probably  much  less 
than  it  was  twenty  years  previously,  and  that  "the  discrimination 
and  naming  of  disease  within  the  ranks  of  the  medical  profession 
itself,"  had  within  the  same  time  much  improved.  Hence  special 
deaths  (i.e.,  deaths  from  particular  causes)  "  after  the  works,"  might 
not  be  in  all  instances  fairly  comparable  with  deaths  giA'en^' under  a 
like  heading  "  before  the  works,"  and,  as  he  said,  deaths  which 
ought  to  have  come  within  special  columns  Avere  more  likely  to 
have  gone  astray Jn  the  years  "  before  the  works  "  than  in  the  years 
"after  the  works.'^  It  was,  however,  found  to  be  quite  clear,  after 
making  due  allowance  for  sources  of  error,  that  in  these  twenty- 
five  toAvns  the  general  death-rate  from  all  causes  had,  Avith  but:  feAv 
exceptions,  notably  diminished,  and  a  similar  result  Avas  apparent  in 
the  case  of  infanf  mortality.  On  coming  to  the  "  contagious  diseases," 
cholera  Avas  found .  to  have  been  "  rendered  practically  harmless  "' ; 
typhoid  fever  had  diminished  in  tAventy-tAvo  of  the  towns  ;  with  Re- 
gard to  diarrhoea  the  results  Avere  not  so  striking,  but  there  appeared 
to  haA-e  been  reduction  in  mortality  from  this  cause  in  localities  in 
Avhich  purification  of  air  and-AA'ater  had  been  effected  j' diseases  of 
the  lungs  manifested  "  no  regular  reduction  " ;  croup  aiid  diphtheria 
showed  distinct  increase.  .  ,  '  \    i  <  ■ 

The  most  noteworthy  and  altogether  unexpected  result  Avks, -how- 
ever, that  obtained  in  the  case  of  "consumption.'.'  I4 ,  cprtain  of 
the  towns  the  reduction  of  deaths  from  this  cause  Avas  great,  and,' 
on  study  of  the  facts  observed,  Bychanan •  was  led  to. conclude 
that  the  sanitary  improvement  Avhich  "  coincided  with  decrease  of 
phthisis  in  toAvn  after  toAvn  with  least  frequent  - exdeptiofij"  Avas 
"drying  of  the  ground  on  Avhich  the  toAvri  stands."  Buchanan  set 
out  the  facts  for  each  of  tAventy-four  of  the  toAvns  in  tabular  form. 
At  the  head  of  his  list  stood  Salisbury  and  Ely,  towns,  in  Avhich 
there  had  been  "much  drying"  of  the  subsoil,  with  a  diminution 
of  5iD  per  cent,  in  their  phthisis  death-rates;  at  the  foot  stood 
Alnwick  with  no  drying  of  its  subsoil  and  with  an  actual  increase 
of  20  per  cent,  in  -its  phthisis  death-rate.*  The  correspondence 
between  the  extent  of  drying  of  subsoil  and  the  amount  of  reduc- 
tion of  phthisis  mortality  was  exhibited  with  remarkable  exactness 
m  most  of  the  tAventy-four  towns,  though  in  Carlisle  and  Chelm.s- 
ford  it  was  noted  that  ground  Avater  had  been  removed  to- a  greater 

*  In  Salisbury  special  arrangements  for  drying  the  subsoil  had  been  made 
At  Penrith  and  Alnwiek  the  deep  drainage  consisted  of  impervious  pipes 
laid  down  in  compact  channels,  so  that  no  extensive  drainage  of '  Avatev  could 
occur  either  through  or  alongside  them.  ■ 
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extent  than  in  other  towns  which  stood  better  an  regards  reduction 
of  phthisis  mortality ;  while,  on  the  other  hand,  in  Worthing  and 
Rugby,  there  had  been  greater  reduction  in  phthisis  mortality  than 
in  other  towns  where  the  removal  of  subsoil  water  had  been  more 
complete. 

The  results  of  this  inquiry  were  seen  to  be  of  sucli  importance 
that  it  was  decided  Dr.  Buchanan  should  pursue  the  matter  further, 
and  make  careful  study  of  the  relation  of  soil  dampness  to  phthisis 
mortality.  It  was  felt  that  it  would  not  be  sufficient,  in  dis- 
tinguishing between  permeable  and  retentive  soils,  to  rely  merely 
on  the  broad  div  isions  of  the  geologist,  but  that  surface  peculiarities 
must  be  taken  into  account.  The  work  of  surveying  these  surface 
peculiarities  had  just  been  completed,  so  far  as  Kent,  Surrey,  and 
Sussex  were  concerned,  and  by  a  fortunate  chance,  there  was  no  other 
part  of  the  country  in  which  "  varieties  of  soil  would  be  greater,  and 
differences  of  other  sorts  less  obtrusive." 

The  fifty-eight  registration  districts  in  these  three  counties  were 
brought  under  examination,  in  the  first  instance,  with  respect  to  their 
phthisis  mortality,  and  secondly,  as  regards  "  the  numbers  of  popula- 
tion in  each  district  living  upon  various  kinds  of  soil,  under  various 
topographical  conditions."    In  considering  the  statistics  of  phthisis 
mortality  the  ages  15 — 55  were  selected  for  examination,  as  being 
those  which  might  be  expected  to  furnish  the  most  trustworthy 
results,  and  the  mean  death-rate  of  the  two  sexes  was  primarily 
relied  upon.     Many  disturbing  influences  had  to  be  taken  into 
account,  such  as  varying  rates  of  increase  of  population,  confusion 
between  consumption  and  other  diseases  of  the  lungs,  the  effect  of 
hospitals  and  public  institutions,  the  use  of  particular  places  as 
resorts  for  consumptive  invalids,  and  "  the  special  circumstances  of 
large  bodies  of  the  male  population,  particularly  in  camps  and 
dockyards."    Again,  with  regard  to  varieties  of  soil,  the  distribution 
of  population  on  the  different  formations,  in  the  counties  selected 
as  the  field  of  inquiry,  had  to  be  considered. 

The  kinds  of  soil  dealt  with  were  classified  as  follows  : — 

(a)  Alluvium  and  shingle  belonging  to  the  recent  group. 

(b)  The  brick-earth  and  gravel  and  sand  of  the  ;ws<  tertiary  were 

discarded  as  having  no  noteworthy  population. 

(c)  The  Bagshot  beds,  gravel  on  London  clay,  London  clay  with 

no  gravel,  and  lower  London  tertiaries  of  the  tertiary  group. 

(d)  The   chalk,   upper   greensand,    and   gault,   of   the  upper 
cretaceous  group. 

(«)  The  lower  greensand,  gravel  over  Weald  clay.  Weald  clay  with 
no  gravel,  and  Hastings  beds  of  the  lowei'  cretaceom  group. 
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A  table  was  then  prepared  showing  for  eacli  registration  district 
the  proportion  of  residents  in  each  group,  and  in  this  table  the 
districts  were  set  out  in  the  order  of  their  phtliisis  death-rates  as 
previously  determined.  On  a  summary  vieAv  of  this  table  Buchanan 
pointed  out  that  while  "  the  first  impression  from  the  table,  perhaps, 
is  that  any  of  the  great  formations  (with  the  exception  of  Weald 
clay)  may  have  on  them  a  large  share  of  the  population  of  a 
district,  and  yet  that  district  may  have  any  position  in  respect  of 
its  phthisis  mortality ; "  yet  on  carefully  "  looking  into  the  list  of 
districts  (after  a  separate  study  of  each)  with  special  reference  to 
.  .  .  .  the  Avetness  or  dryness  of  soil,  it  soon  appears  that  the 
districts  arranged  in  the  order  of  the  prevalence  of  consumption 
in  them,  are  also  to  a  very  great  extent  arranged  in  the  order  of 
the  dryness  or  wetness  of  their  soils." 

As  regards  this  last  named  order  difficulty  was  experienced,  not 
only  because  the  main  quality  of  degree  of  perviousness  varied  in 
difierent  parts  of  the  same  bed,  but  because  other  qualities,  such  as 
elevation,  slope  of  subjacent  beds,  etc.,  also  required  to  have  due 
weight  attached  to  them.  With  a  view  to  summarising  the  facts, 
a  grouping  of  soils  into  "pervious"  and  "retentive"  was  made,  and 
the  registration  districts  were  classified  according  to  the  greater  or 
less  extent  of  mortality  from  phthisis  observed  in  them.  The 
following  table  was  thus  obtained  : — 


Groups  of  Districts. 

On  Pervious  Soils. 

On  lieteutive  Soils. 

A 

With  least  phthisis  .  . 

909 

91 

B 

Next  least  phthisis  .  . 

.  877 

123 

C 

Middle  as  to  phthisis  .  . 

795 

205 

D 

With  still  more  phthisis 

792 

208 

E 

With  most  phthisis  .  . 

642 

358 

The  results  were  further  analysed  by  selecting  from  the  fifty-eiglit 
districts  "  .such  as  were  comparable  witli  one  another  in  regard  to  their 
position  and  geological  structure,"  and  then  noting  how  their 
phthisis  was  affected  "by  the  perviousness  or  ianperviousness, 
elevation  or  lowness,  slope  or  flatness  "  in  the  members  of  each  more 
limited  series  (Tenth  Report  of  the  Medical  Officer  of  the  Privy 
Council). 

Finally  the  following  general  conclusions  were  arrived  at :  

"  (1)  Within  the  counties  of  Surrey,  Kent,  and  Sussex  there  is, 
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broadly  speaking,  less  phthisis  among  populations  living  on  pervious 
soils  than  among  populations  living  on  impervious  soils. 

(2)  Within  the  same  counties  there  is  less  phthisis  among  popu- 
lations living  on  high-lying  pervious  soils  than  among  populations 
living  on  low-lying  pervious  soils. 

(3)  Within  the  same  counties  there  is  less  phthisis  among  popu- 
lations living  on  sloping  impervious  soils  than  among  populations 
living  on  flat  impervious  soils. 

(4)  The  connection  between  soil  and  phthisis  has  been  established 
in  this  inquiry 

(a)  By  the  existence  of  general  agreement  in  phthisis  mor- 
tality  between  districts  that  have  common  geographical  and 
topographical  features  of  a  nature  to  affect  the  water-holding 
quality  of  the  soil. 

(b)  By  the  existence  of  general  disagreement  between  districts 
that  are  differently  circumstanced  in  regard  to  such  features', 
and 

(c)  By- the  discovery  of  pretty  general  concomitancy  in  the 
fluctuation  of  the  two  conditions,  from  much  phthisis  -with  much 
wetness  of  soil  to  little  phthisis  with  little  wetness  of  soil. 

But  the  connection  between  wet  soil  and  phthisis  came  out 
last  year  in  another  way  which  must  be  here  recalled. 

(d)  By  the  observation  that  phthisis  had  been  greatly  reduced 
in  towns  when  the  Avater  of  the  soil  had  been  artificially  re- 
moved, and  that  it  had  not  been  reduced  in  other  towns  where 
the  soil  had  not  been  dried. 

(5)  The  whole  of  the  foregoing  conclusions  combine  into  one — 
which  may  now  be  affirmed  generally,  and  not  only  of  particular 
districts-^that  wetness  of'  soil  is  a  cause  of  phthisis  to  thk 

POPULATION  LIVING  UPON  IT. 

(6)  No  other  circumstance  can  be  detected,  after  careful  considera- 
tion of  the  materials  accumulated  during  this  year,  that  coincides 
on  any  large  scale  witli  the  greater  or  less  prevalence  of  phthisis, 
except  the  one  condition  of  soil. 

(7)  In  this  year's  inquiry,  and  in  last  year's  also,  single  apparent 
exception^  to  the  general  law  have  been  detected.  They  are  pro- 
bably  not  altogether  errors  of  fact  or  observation,  but  are  indications 
of  some  other  law  in  the  background  that  we  are  ilot  yet  able  to 
announce." 

Buchanan's  conclusions  were  adversely  criticised  by  Kelly  in 
reports,  for  1879  and  1887,  on  the  combined  sanitary  district  of 
West  Sussex.  His  main  contentions  were,  that  the  figures  of  lat^r 
years,  not  available  when  the  original  inquiry  was  made,  present 
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certain  contrasts  with  the  earlier  figures  given  by  Buchanan; 
that,  generally  speaking,  the  impervious  soils  are  to  the  north 
of  the  South  downs,  and  that  the  question  of  exposed  situation 
thus  exercises  disturbing  influence;  that  the  phthisis  death-rate 
continued  to  show  marked  decrease  subsequent  to  the  date  of, 
Buchanan's  inquiry,  although  improvements  tending  to  cause  dry- 
ing of  subsoil  were  not  being  carried  out ;  and  finally  that  social 
changes  are  largely  responsible  for  the  diminution  of  the  rate 
of  mortality  from  phthisis.  As  regards  the  first  of  these  criti- 
cisms, Kelly's  figures  show  that  in  recent  years  the  phthisis 
mortality  of  West  Sussex  populations,  liAdng  on  what  he  termed 
"  retentive  soils,"  does  not  markedly  exceed  that  of  West  Sussex 
populations  living  on  "  pervious  soils " ;  this  fact,  however,  is  not 
incompatible  with  the  different  teaching  of  the  earlier  figures,  but 
rather  shows  that  subsoil  drainage  has  had  its  efi'ect,  and  that  the 
retentive  soils  have  now  been  brought  into  a  condition  in  which  they 
compare  not  unfavourably  with  the  pervious  soils.  The  question  of 
bleakness  of  situation  doubtless  exercises  influence  comparable  to 
the  influence  of  elevation,  slope,  etc.,  considered  by  Buchanan ;  this 
disturbing  element  cannot,  however,  be  regarded  as  invalidating 
conclusions  based  on  examination  of  an  extensive  area,  and  dealing 
in  minute  detail  with  diff'erences  observed  in  the  various  localities 
of  that  area.  As  regards  the  cessation  of  improvement  works  in 
towns,  it  has  been  pointed  out  that  the  large  amount  of  agricul- 
tural drainage  eff'ected  throughout  the  kingdom  might  be  expected 
to  have  produced  results,  in  rural  districts,  similar  to  those  brought 
about  by  sewerage  works  in  towns.  The  final  contention  is,  of 
course,  a  truism ;  the  conclusion  arrived  at  by  Buchanan  was  not 
that  dampness  of  soil  was  the  only  influence  afi'ecting  phthisis  mor- 
tality, but  merely  that  it  was  one  of  the  influences. 

As  examples  of  diseases  belonging  to  the  third  group,  referred  to 
at  the  commencement  of  this  brief  review  of  the  relation  6i  soil  to 
disease,  the  following  may  now  be  given.  Calculus  and  goitre  have 
already  been  alluded  to,  in  connection  with  the  subject  of  water, 
and  need  not  therefore  be  further  discussed.  Again  cancer  has 
been  said  to  especially  prevail  upon  flooded,  low-lying,  clayey  areas, 
but  this  conclusion  is  not  established  with  any  degree  of  cer- 
tainty. Diphtheria  has  been  held  to  be  especially  prevalent  upon 
cold,  damp  soils.  Adams  of  Maidstone  has  investigated  the  rela- 
tion between  diphtheria  prevalence  and  fluctuations  in  the  level  of 
subsoil  water.  He  concludes  that  as  long  as  the  soil  is  well  washed 
in  winter,  when  the  subsoil  level  is  high,  and  well  aerated  in 
summer,  when  the  subsoil  level  is  low,  all  goes  well ;  but  that  dis- 
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turbance  of  this  natural  sequence  of  events  favours  the  spread  of 
diphtheria. 

In  connection  witli  these  observations  Newsholme's  conclusions 
with  regard  to  the  relation  between  rainfall  and  diphtheria  may 
be  referred  to.    Briefly  stated,  his  inquiries  lead  him  to  believe 
that  diphtheria  only  becomes  epidemic  "  in  years  in  which  the  rain- 
fall is  deficient,  and  the  epidemics  are  on  the  largest  scale  when 
three  or  four  years  of  deficient  rainfall  immediately  follow  each 
other."    Longstafi"  showed,  some  years  ago,  that  increase  in  the 
death-rates  from   scarlet   fever,  erysipelas,  puerperal  fever,  and 
rheumatism,  occurred  in  years  of  deficient  rainfall.  Newsholme 
suggests   that   the   organisms   of  diphtheria  and   of   the  other 
diseases  mentioned,  are  capable  of  living  in  a  saprophytic  stage 
of   existence  in  soil.     Such  an   hypothesis,   he  observes,  "may 
appear  to  give  undue  importance  to  climatic  conditions,  as  con- 
trasted with  personal  infection."     He  therefore  points  out  that 
"there  is  no  reasonable  doubt  that  personal  infection  is  the  chief 
means"  by  which  diphtheria  is  spread,  but  he  argues  that  some- 
thing more  than  personal  infection  is  required  to  explain  why 
diphtheria  spreads  more  in  some  years  than  in  others,  and  he  con- 
cludes that  among  "the  external  cultural  conditions  leading  to 
increased  virulence  of  the  diphtheria  bacillus,  and  its  greater  readi- 
ness for  assuming  a  parasitic  life,  exceptional  deficiency  of  rainfall 
and  consequent  exceptional  deficiency  of  moisture  in,  and  excep- 
tional warmth  of,  the  subsoil  form  an  essential  part." 

Dysentery  is  another  disease  which  has  been  supposed  to  bear 
special  relation  to  states  of  soil.  The  subject  of  the  spread  of 
dysentery  has  already  been  referred  to  in  connection  with  water- 
borne  disease.  It  may  be  that  the  dejecta  from  dysenteric  patients 
contain  a  specific  organism,  which  is  not  only  capable  of  being  trans- 
mitted by  water,  but  is  also  able,  under  certain  conditions,  to  maintain 
its  vitaHty  in  soil.  The  endemic  areas  of  dysentery  are  said  to  be 
characterised,  as  a  rule,  by  possessing  a  damp,  porous  soil,  in  associa- 
tion with  a  heavy  rainfall  and  a  high  level  of  the  subsoil  water. 
Further,  it  may  be  noted  that  outbreaks  of  dysentery  in  this  country 
have  been  attributed  to  soil  emanations.  In  the  cases  in  question 
sewage  has  been  spread  upon  the  land  adjoining  asylums,  and  tlie 
outbreaks  have  been  observed  among  the  asylum  inmates  and  have 
been  attributed  to  the  effluvia  from  the  decomposing  sewage. 

Mcdaria  has  long  been  held  to  be  associated  in  some  way  with  a 
marshy  condition  of  soil.  Moreover,  the  efTect  of  drainage  operations 
in  causing  localities,  at  one  time  malarious,  to  become  malaria  free, 
has  been  repeatedly  cited  as  evidence  of  the  existence  of  such  a 
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relationship.  Attention  has  been  directed  to  the  mineral  consti- 
tuents of  these  soils,  and  again  to  the  influence  of  decaying  vegeta- 
tion. When  the  existence  of  a  malaria  organism  was  first  suspected, 
question  arose  as  to  the  possibility  of  its  finding  circumstances 
favourable  to  its  development  in  particular  conditions  of  soil.  Later 
researches,  concerning  the  role  played  by  the  mosquito  in  the 
<lissemination  of  malaria,  seem  to  point  to  the  conclusion  that 
local  conditions  are  mainly  operative  by  favouring  the  existence  of 
the  species  of  Anopheles  which  transmits  the  disease. 

Certain  rheumatic  affections  are  associated  with  exposure  to  cold 
and  damp,  and  are  therefore  likely  to  prevail  in  localities  with  damp 
soils.  Chronic  rheumatism  is  usually  said  to  be  especially  prevalent 
in  damp  and  exposed  situations.  The  term  rheumatism,  however,  is 
very  loosely  applied,  and  the  relation  of  the  forms  of  disease  in 
question  to  soil  states  has  not  been  precisely  studied.  Acute  rheu- 
matism, as  Longstaff  showed,  appears  to  be  intimately  associated 
with  conditions  of  subsoil,  its  prevalence  notably  increasing  after 
a  series  of  dry  years.  The  association  of  acute  rheumatism  and 
some  other  diseases,  "svith  variations  in  amount  of  rainfall  in 
successive  years,  -has  already  been  referred  to  in  connection  with 
diphtheria.  'EinaWj,  yellow  fever  may  be  mentioned  as  an*  instance 
of  a  disease  the  prevalence  of  which  appears  to  be  favoured  by  soil 
conditions.  The  extent  to  which  this  malady  tends  to  be  endemic 
in  some  seaport  towns  in  the  tropics,  particularly  those  having 
harbours  with  polluted  foreshores,  and  unfavourably  circumstanced 
as  regards  stagnation  of  water  and  absence  of  cleansing  influence 
due  to  tidal  movements,  has  led  to  the  suggestion  being  made  that 
the  organism  which  produces  the  disease  is  able  to  find  a  suitable 
medium  for  growth  in  polluted  harbour  mud. 


CHAPTER  V. 


FOOD. 

The  materials  used  as  food  are  generally  classified  as  follows : — 

1.  Organic. — These  include  the  nitrogenous  (proteids  and  albumi- 
noids), and  the  non-nitrogenous  foods  (carbo-hydrates,  fats,  and 
vegetable  acids). 

2.  Inorganic. — These  include  mineral  salts  and  water.  A  third 
group  is  sometimes  made  to  comprise  what  are  termed  "  food  acces- 
sories," such  as  tea,  coffee,  alcohol,  condiments,  etc.  The  substances 
last  named  are  not  actually  essential  for  the  maintenance  of  life, 
but  they  are  of  importance,  inasmuch  as  they  act  as  stimulants,  or 
impart  flavour  to  food,  in  addition  to  promoting  in  some  degree  the 
nutritive  value  of  a  diet. 

Proteids  and  Albuminoids. — Proteids  contain  in  100  parts 
about  16  parts  of  nitrogen,  54  of  carbon,  22  of  oxygen,  7  of 
hydrogen,  and  one  part  of  sulphur.  The  albuminoids  have  practi- 
cally the  same  percentage  composition,  though  some  of  them  do  not 
contain  any  sulphur;  gelatine,  the  chief  member  of  the  group, 
has  a  somewhat  larger  percentage  of  nitrogen  than  that  just  men- 
tioned. The  proteids  and  albuminoids  constitute  the  one  source 
from  which  the  body  is  able  to  take  up  nitrogen.  In  plant  life 
nitrogen  is  obtained  from  ammonia  and  nitrates,  but  the  animal 
body  cannot  utilise  the  nitrogen  obtained  from  such  comparatively 
simple  bodies,  but  is  dependent  for  its  supply  upon  the  much  more 
complex  proteid  molecule.  Gelatine,  and  to  a  less  degree  other 
albuminoids,  chondrin  and  keratin,  can  be  employed  to  spare  the 
proteids  in  a  diet,  but  their  nutritive  value  is  less,  and  they  cannot 
entirely  take  the  place  of  the  proteids. 

The  materials  known  as  extractives  are  nitrogenous  substances, 
which  enter  largely  into  the  composition  of  meat  extracts,  beef-tea, 
etc.  These  substances  serve  a  useful  purpose  in  conditions  of  disease 
in  which  proteids  cannot  be  assimilated,  but  the  popular  impression 
that  they  contain  the  nutritive  properties  of  meat  in  a  concentrated 
form  is  quite  a  mistaken  one. 

V 

i 


FOOD. 


171 


The  chemical  constitution  of  the  proteid  molecule  is  very  complex. 
Proteid  is  converted  by  the  gastric  juice  into  syntoniu,  peptone,  and 
albumose ;  when  acted  upon  by  the  pancreatic  juice  it  yields  pep- 
tone and  substances  of  allied  nature,  while  some  of  the  peptone 
is  further  decomposed,  forming  leucin  and  tyrosin.  The  products 
of  proteid  decomposition  are  absorbed  mainly  in  the  form  of  albu^ 
moses  and  peptones  (which,  unlike  the  other  proteids,-  are'  dia- 
lysable),  and  are  built  up  into,  or  serve  for  the  repair  of,  nitro- 
genous tissue  elements;  they  may  also  undergo  further  decom- 
position, yield  fat,  and  possibly  also  carbo-hydrate,  and  become  a 
source  of  supply  of  energy.  The  final  products  of  the  oxidation  of 
the  material  originally  represented  in  proteid  are  carbonic  acid, 
water,  urea,  and  other  nitrogenous  bodies. 

Proteids  are  of  animal  or  of  vegetable  origin.  The  animal  proteids 
include  native  albumens  (serum  albumen  and  egg  albumen),  the 
globulins  (myosin  of  muscle,  serum  globuHn,  and  the  vitellin  of  the 
yolk  of  egg) ;  derived  albuviens,  closely  allied  to  which  is  the 
substance  called  casein ;  itisohoble  proteids  (fibrin) ;  and  albumoses 
and  peptones.  Vegetable  proteids  include  the  globulins  and 
albumoses  of  the  cereals  and  leguminous  plants,  as  well  as  legumin 
and  gluten,  which  are  allied  to  casein  and  the  derived  albumens. 
Animal  proteid  is  said  to  be,  as  a  rule,  more  readily  and  rapidly 
digested  than  vegetable  proteid. 

When  proteids  are  consumed  in  excessive  amount,  nitrogenous 
waste  products  accumulate  in  the  blood,  and  the  excretory  organs 
are  apt  to  prove  unequal  to  the  task  of  removing  these  substances 
with  sufficient  rapidity  from  the  body.  Digestive  disturbance  results, 
and  in  some  instances  the  development  of  gout  and  kidney  disease 
appears  to  be  favoured  by  such  faulty  dieting.  Excess  of  proteid 
tends  to  cause  oxidation  of  fat,  while  carbo-hydrate  appears  to  lessen 
the  oxidation  of  both  proteid  and  fat.  Thus,  in  Banting's  treatment 
for  obesity,  the  amount  of  meat  is  increased,  while  the  quantity  of 
starchy  food  is  as  far  as  possible  reduced. 

Pats  are  compounds  of  glycerine  and  fatty  acids  (palmitic, 
stearic,  and  oleic  acids).  The  amount  of  oxygen  contained  in  them 
is  less  than  that  required  to  enter  into  combination  with  their 
hydrogen  so  as  to  form  water.  Their  main  function  is  to  serve  as 
sources  for  the  development  of  energy  and  heat,  and  they  are 
usually  found  in  considerable  proportion  in  the  diet  of  persons  who 
live  in  very  cold  countries. 

Carbo-hydrates,  on  the  other  hand,  while  consisting,  like  the 
fats  or  hydro-carbons,  of  carbon,  hydrogen,  and  oxygen,  contain  the 
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two  latter  elements  in  the  exact  proportions  necessai-y  to  form  water. 
They  consist  of  tln-ee  groups  :  the  glucose  group  (C«  0,)n  (glucose, 
Isevulose,  and  inosite) ;  the  cane  suya/r  group  (C,,  H^,  0„)x  (milk 
sugar,  cane  sugar,  and  maltose) ;  and  the  starch  group  (Cg  Hjo  Os)^ 
(glycogen,  dextrine,  starch,  and  cellulose).  Cellulose  is  not  capable 
of  being  digested,  and  is  discharged  from  the  body  unchanged. 
The  carbo-hydrates  supply  energy  to  the  body,  and  they  act  as 
"  proteid-sparing  foods,"  and  also  serve  to  economise  consumption  of 
fats.  The  extent  to  which  fats  and  carbo-hydrates  are  capable  of 
replacing  one  another  in  a  diet  is  not  precisely  known.  Carbo- 
hydrates are  converted  in  part,  under  certain  circumstances,  into  fat. 
In  the  process  of  fattening  pigs  and  other  animals  it  is  found  that 
more  adipose  tissue  accumulates  than  the  fat  contained  in  the  food 
would  account  for.  This  excess  of  fat  may  be  to  some  extent  due  to 
decomposition  of  proteid,  but  it  is-.probably  mainly  derived  from 
carbo-hydrates.  ^ 

The  vegetable  acids,  of  which  the  most  important  are 
tartaric  and  citric  acids,  have  an  important  function,  inasmuch  as 
their  salts  are  converted  into  carbonates,  which,  being  absorbed, 
maintain  the  alkalinity  of  the  blood  and  other  fluids  of  the  body. 
They  are  derived  mainly  from  fresh  fruits  and  certain  vegetables. 
To  the  absence  of  an  adequate  supply  of  fruit,  etc.,  and  consequent 
deficiency  of  vegetable  acids,  tlie  disease  known  as  scurvy  has  been 
attributed.  It  may  be  that  vegetable  acids  are  in  part  derived  from 
some  form  of  carbo-hydrate  food. 

Among  mineral  salts  the  most  important  are  chlorides  and 
phosphates  of  sodium,  potassium,  and  lime,  and  compounds  of  iron. 
Sodium  chloride — common  salt — enters  into  the  composition  of  almost 
all  foods.  It  is  present,  on  the  whole,  in  less  quantity  in  foods  of 
vegetable  than  in  those  of  animal  origin,  hence  the  reason  for  its 
being  used,  for  example,  in  bread  making.  Phospliate  of  lime  is  of 
special  importance  in  connection  with  the  formation  of  bone,  and  is 
present  in  appreciable  quantity  in  milk,  the  natural  food  of  young 
animals.  Iron  is  of  importance,  more  particularly  on  account  of  its 
entering  into  the  composition  of  hsemoglobin. 

Nutritive  Value  of  Food  Stuffs.— Theoretically  tlie  amount 
of  energy  obtainable  from  various  foodstuffs,  their  "nutritive 
value,"  can  be  determined  by  calculating  their  efficiency  as  heat 
producers,  i.e.,  by  estimating  the  amount  of  heat  yielded  by  the 
complete  combustion  of  a  given  weight  of  the  substance.  This 
amount  is  expressed  in  heat  units;  the  English  heat  umt  is  the 
amount  of  energy  required  to  raise  a  pound  of  water  one  degree 
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in  temperature,  i.e.,  772  foot  pounds,  if  the  degree  in  question 
is  a  degree  Fahi-enheit,  or  1389  foot  pounds  if  the  degree  be  a. 
degree  Centigrade.  The  heat  equivalents  have  been  determined  by 
calorimetry  and  it  has  been  found,  for  instance,  that  one  ounce 
(dried)  of  potatoes  yields  475  English  heat  units,  one  ounce  of  egg 
albumen  628  units,  one  ounce  of  butter  815  units,  and  so  on.  In  the 
case  of  non-nitrogenous  foods  the  amount  of  heat  yielded  in  the 
body  is,  roughly,  equivalent  to  that  registered  in  the  calorimeter,  but 
it  is  not  so  in  the  case  of  nitrogenous  foods,  for  their  combustion  is. 
not  complete,  and  hence  the  heat  equivalent  of  the  urea,  etc.,  formed, 
requires  to  be  deducted  from  the  estimated  heat  equivalent  of  the 
proteid.  One  ounce  of  dry  proteid  yields  about  J  oz.  of  urea,  repre- 
senting some  80  heat  units.  Thus. the  heat  equivalent  of  the  dry 
proteid  of  egg  albumen,  after  making  correction  for  the  urea  pro- 
duced, does  not  greatly  exceed  that  of  the  dry  carbo-hydrate  in 
potatoes.  The  heat  equivalent  of  fat,  it  will  be  seen,  is  nearly  twice 
that  of  proteid  or  carbo-hydrate. 

If  a  man  consume  ^^e?-  diem  food  containing  24  ounces  of  dry 
proteid,  fat,  and  carbo-hydrate,  in  the  usual  proportions  to  be 
presently  more  particularly  referred  to,  there  should  be  produced 

upwards  of  12,000  heat  units,  or  12,000  x  11^,  say  4,000  foot 

2240 

tons  of  energy.  Of  this  amount  some  2,800  foot  tons  are  ex- 
pended in  the  performance  of  internal  work  and  the  maintenance 
of  heat. 

Thus  about  250  foot  tons  are  expended  in  maintaining  the  circulation. 

j>      »       40  ,,  ,,  „  respiration. 

„      „  2,500  ,,  ,,  „  temperature. 

There  then  remain  1,200  foot  tons  for  the  performance  of  external 
work.  The  body  is,  it  is  found,  only  capable  of  accounting  for  about 
one-fifth  of  the  surplus.  With  24  ounces  of  dry  food  yielding  4,000 
foot  tons  of  energy,  therefore,  the  amount  of  external  work  may  be 
estimated  at  about  250  foot  tons ;  this  represents  only  a  moderate 
day's  work.  For  a  hard  day's  work,  500  foot  tons,  an  additional 
allowance  of  food  would  need  to  be  made,  corresponding,  however, 
to  more  than  an  additional  1,200  foot  tons  of  energy,  the  amount  of 
the  former  surplus,  inasmuch  as  with  increasing  severity  of  work  a 
diminishing  proportion  of  the  energy  theoretically  supplied  is 
accounted  for  by  the  body.  It  will  be  seen  that,  when  so  manj-- 
disturbing  influences  tend  to  vitiate  the  results  obtained,  and 
when  in  the  final  outcome  only  20  to  25  per  cent,  of  the 
surplus  energy  (over  and  above  that  required  for  internal  work 
and  heating  purposes)  is  actually  utilised  for  external  work,  these 
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calculations  are  of  little  more  than  theoretical  interest,  Tliis 
conclusion  Avill  be  strengthened  when  it  is  considered-  how  very 
materially  the  digestibility  and  assimilability  of  food  affect  the 
extent  to  which  the  energy  theoretically  contributed  to  the  body 
is  capable  of  being  turned  to  account. 

',;^A  subject  of  great  practical  importance  is  the  amount  of  the 
various  foodstuffs  present  in  ordinary  articles  of  food  as  influencing 
the  proportions  in  which  these  articles  should  enter  as  constituent 
elements  of  a  normal  diet.  The  following  table  gives  the  approxi- 
mate amounts  of  -foodstuffs  contained  in  some  of  the  common  articles 
of  diet : — 

In  100  Parts. 


Article.of  Diet. 

Water. 

Pro- 
teids. 

Fats. 

Carbo- 
hydrates. 

Salts,  i 

CeUu- 
lose. 

Lean  meats... 

75 

20 

3-5 

1-5 

Fat  pork   

40 

10 

47-5 

2-5 

Bacon   

15 

9 

73 

3 

White  fish  

78 

17 

3 

Egg   (deducting  10 

1 

per  cent,  for  shell) 

75  ■ 

13 

11 

Cow's  milk  

87-3 

4 

3-5 

4-5 

•7 

Human  milk 

87 

2-5 

4 

6 

•5 

Cream   

66 

3 

26 

3 

2 

Butter   

9 

3 

87 

1 

Cheese   

38 

30 

27 

Bread   

36 

7 

1-5 

54 

1-5 

Flour   

12 

12 

2 

72. 

1 

1 

Oatmeal 

15 

12-0 

5  "5 

64 

1   ■  3 

Potatoes   

75 

2 

•2 

21 

i  1 

•8 

Pea  flour  (dry) 

11 

t  25 

2 

57'5 

3 

1-5 

Eice  

13 

8 

1 

76 

!  1 

1 

The  quantities  of  the  various  foodstuffs  which  are  necessary  for 
subsistence  "  and  for  "  light  work,"  "  moderate  work,"  "severe  work," 
etc.,  have  .been  calculated  by  various  observers.  It  may  be  approxi- 
mately stated  that  a  man  weighing  about  150  lbs.  requires,  to  maintain 
his  weight  when  taking  little  or  no  exercise,  some  sixteen  ounces  of 
water-free  food.  Such  a  subsistence  diet  should  include  rather 
more  than  2  ozs.  of  dry  proteid,  about  \  oz.  of  water-free  fat, 
A  oz.  of  salts,  and  about  12  ozs.  of  di7  carbo-hydrate  food.  For 
moderate  work  such  a  man  would  need  24  ozs.  of  water-free  food, 
5  ozs.  of  proteid,  rather  more  than  3  ozs.  of  fat  and  1  oz.  of  salts, 
and  about  15  ozs.  of  carbo-hydrate.  For  very  hard  work  as  much 
.as  30  ozs.  may  be  required,  including  some  6  or  7  ozs.  of  proteid, 
4  ozs.  of  fat,  rather  more  than  1  oz.  of  salts,  and  18  ozs.  of  carbo- 
hydrate. 

By  use  of  the  table  given  above  it  is  easy  to  determine  the  quanti- 
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ties  of  the  various  articles  of  diet  required  to  supply  water-fi-ee  carbo- 
hydrate, proteid,  fat,  and  salts  in  the  necessary  proportions  in  any 
particular  case.  It  will  be  obvious  that  in  a  diet  consisting  largely 
of  potatoes,  the  administration  of  the  quantity  of  proteid  indicated 
as  necessary  would  entail  the  consumption  of  an  amount  of  carbo- 
hydrate in  excess  of  that  required,  and  even  under  those  circum- 
stances the  supply  of  fat  would  be  inadequate.  Again,  if  the  diet 
of  an  adult  consisted  exclusively  of  milk  it  would  be  necessary,  in 
order  to  obtain  the  requisite  amount  of  carbo-hydrate,  to  consume 
excess  of  proteid,  and  an  altogether  excessive  quantity  of  fat. 
By  combining  two  or  three  articles  of  food  which  contain  proteid, 
fat,  and  carbo-hydrate  in  differing  proportions,  it  is  possible  to 
secure  the  supply  of  proper  amounts  of  the  three  chief  constituents 
of  a  dietary  (the  salts  may  be  practically  disregarded  for  the  pur- 
poses of  such  a  calculation)  without  the  necessity  of  supplying  an 
excessive  quantity  of  any  one  of  the  articles  of  food; 

Thus,  suppose  it  be  required  to  ascertain  how  much  bread,  butter 
and  cheesfe  are  needed  to  supply  5  ozs,  of  proteid,  4  ozs.  of  fat,  and 
18  ozs.  of  carbo-hydrate.  Let  the  number  of  ounces  of- bread,  butter 
And  cheese  respectively  be  x,  y,  and  z.    Then  from  the  table 

(1) 

^  .  ,  ':(2) 

1^^  =  18  (3) 

Multiplying  (1)  by  9  and  (2)  by  10  and  subtracting,  z  disappears, 
and 

48^        843    _  _  '  ' 

Too* ~"  100^  ~^  w 
100 

From  (3)    «  =  — 

hence  substituting  this  value  in  (4) 
_  1,100 

y  —  ~843"  =  1'3  oz.  approximately. 

7      33  3 
And  from  (1)    3  +  843  +  10  *  =  ^ 

^         3     _  2,215  22,150 

nence  jq^  -  or  «  =  ^2:^^^^-  =  8-8  ozs.  approximately. 

Thus  33^  ozs.  of  bread,  1-3  oz.  of  butter,  and  8-8  ozs.  of  cheese  are 
reqxlired  to  furnish  the  specified  amounts  of  proteid,  fat,  and  CarbO 
hydrate.  .  ,  .  „,-) 


7  ^ 

3 

30 

100^ 

100  y  + 

100* 

=  5 

1-5 

87 

27 

100^  + 

my  + 

100* 

=•4 
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On  again  referring  to  the  table  it  will  be  seen  that  these  quantities 
of  bread,  butter,  and  cheese  will  yield 

33i  1-3       5  X  8-8 

—    1-5  +  ^TKTT  +  — ounce  ot  salts, 

100  100   ^  100 

i.e.     -5  +  "013  +  -44    or    -953  ounce  of  salts. 
This  amount  of  salts  is  somewhat  low  and  should  be  supplemented 
by  an  additional  quantity  of  salt,  or  by  employing  salt  butter  in  place 
of  fresli  butter. 

The  use  of  a  diet  such  as  this  for  any  length  of  time  would,  how- 
ever, inevitably  lead  to  impairment  of  health  ;  it  is  not  sufficient  to 
make  sure  that  the  amounts;  of -the  various  foodstuffs  stand  in.  certain 
definite  proportions  to  one  another,  the  diet  must  also  be  sufficiently 
varied.  Practically,  therefore,  calculation  of  the  quantities  of  some 
two  or  three  articles  of  food,  needed  to  furnish  the  proportions  of 
proteid,  fat,  carbo-hydrate,  and  salts  theoretically  determined  to  be 
necessary,  is  of  little  value.  Life  could,  no  doubt,  be  supported  for  a 
long  period  of  time  on  a  daily  allowance  of  f  lb.  of  meat  (contaimng 
fat)  and  2  lbs.  of  bread,  or  on  other  combinations  of  articles  of 
food,  such,  for  example,  as  the  bread,  butter,  and  cheese  above 
referred  to,  but  for  the  maintenance  of  a  vigorous,  healthy  condition 
of  body  a  varied  dietary  is  absolutely  necessary. 

Diet.— The  several  foodstuffs  should  be  present  in  an  ordinary 
diet-scale  in  more  or  less  precise  proportions.  A  common  way  of 
stating  the  case  is  that  proteids  being  taken  as  100,  fats  should  be 
about  65,  carbo-hydrates  315,  and  salts  23;  or,  to  adopt  a  much 
more  rough-and-ready  rule,  the  nitrogen  should  bear  to  the  carbon 
supplied  the  proportion  of  about  1  to  15.  Again,  it  is  sometime.s 
said  that  a  diet  for  an  average  man  doing  a  moderate  amount  ot 
work  should  contain  300  grains  of  nitrogen  and  4,500  grains  ot 
carbon  Tests  of  this  sort  may  be  usefully  applied  to  a  composite 
diet  in  order  to  ascertain  that  the  several  kinds  of  foodstuffs  are 
represented  in  proper  proportions,  but  in  using  them  the  need  for 
change  and  variety  must  on  no  account  be  lost  sight  of. 

Variation  in  diet  is  generally  secured  by  persons,  who  can  exercise 
choice  in  the  matter,  on  their  own  initiative.  They  become  tired  of  one 
sort  of  food,  and-replace  it  by  another  sort.  In  the  case  of  institutions 
however,  in  which  fixed  dietary  scales  are  adopted  for  reasons  of 
economy  and  because  the  system  renders  it  easy  to  check  the 
quantities  of  food  supplied,  there  is  no  doubt  that  too  httle  regard 
has  been  paid,  in  the  past,  to  the  desirability  of  framing  these  scales 
in  such  a  way  as  to  avoid  a  too  rigid  adherence  to  a  fixed  routine. 
The  occurrence  of  scurvy  in  ships'  crews  first  led  to  the  direction 
of  attention  to  the  question  of  impairment  of  health  under  conditions 
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ill  M-hicli  food,  adequate  in  quality,  but  lacking  in  variety,  was 
supi^lied.  It  was  concluded  that  the  symptoms  observed  resulted 
from  insufficient  supply  of  vegetable  acids  (such  as,  under  ordinary 
circumstances  are  furnished  in  the  form  of  fresh  vegetables  and 
fruit,  articles  which  are  not,  as  a  rule,  available  on  shipboard), 
and  tliis  conclusion  was  strengthened  by  the  fact  that  in  cases  in 
wliich  fresh  vegetables  and  fruit,  or  in  the  absence  of  these  the  best 
substitutes  available  (dried  vegetables  and  fruits,  lemon  or  lime-juice, 
or  e^  en  vinegar)  were  supplied,  scurvy  did  not  develop.  Possibly  there 
are  other  substances  which  are  essential  for  a  healthy  condition  of  body, 
and  which  are  consumed,  albeit  only  in  small  quantity  and  from 
time  to  time,  when  the  food  is  sufficiently  varied,  but  which  may  by 
chance  happen  not  to  be  comprised  among  the  constituent  ingredients 
of  a  fixed  diet-scale. 

Whether  this  be  the  fact  or  not  there  is  no  question  that  in  the 
case  of  institution  inmates  the  change  from  a  monotonous  diet  to 
one  of  a  more  varied  character  has  been  attended  in  numerous 
instances  Avith  marked  benefit.  In  certain  poor-law  schools,  for 
example,  the  experiment  has  been  tried  of  giving  a  double  course 
at  the  midday  meal ;  again,  instead  of  repeating  the  same  series 
of  dinners  week  after  week  throughout  the  year,  a  system  of 
extending  the  change  of  meals  over  a  fortnight  instead  of  a  week 
has  been  in  some  instances  adopted.  Attention  has  been  paid  in 
some  modern  dietary  scales  to  the  question  of  season,  somewhat 
larger  amounts  of  fatty  food  being  supplied  in  winter,  and  so  on. 
The  effect  upon  the  health  of  the  children  receiving  these  more 
varied  forms  of  dietary  has  been  ^pund  to  be  marked,  and  the 
additional  expense  has  been  shown  to  be  inappreciable  or  only 
very  small,  when  once  the  initial  cost  of  suitable  appliances  for 
cooking  and  serving  meals  has  been  met.  A  new  Order  regulating 
workhouse  dietaries  came  into  force  on  Maj^  25,  1901.  This  Order 
embodies  many  of  the  recommendations  of  a  committee  appointed 
by  the  Local  Government  Board,  to  consider  the  question  of  diets. 

As  regards  the  question  of  age  and  sex  in  relation  to  diet,  it  has 
been  seen  that  about  5,  3,  and  15  ozs.  of  dry  proteid,  fat,  and  carbo- 
hydrate, respectively,  are  required  by  an  average  man  weighing 
150  lbs.  who  is  doing  a  modei'ate  day's  work.  The  corresponding 
amounts  for  the  average  woman  performing  work  of  a  somewhat 
li.£,'litf'r  character  may  be  taken,  roughly  speaking,  at  about  four- 
fifths  of  those  specified.  A  boy  or  girl  from  about  twelve  to 
fifteen  years  of  age  will  eat,  as  a  rule,  as  much  as  a  woman; 
in  young  children  smaller  amounts  of  food  are  required,  but  the 
proteid,  and  still  more  the  fat,  supplied,  should  not>be  reduced  to 
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the  extent  pernnssible  in  tlie  case  of  the  carljo-liydrate.  Tims  a 
child  eighteen  months  old,  while  only  consuming;  about  one-sixth  of 
the  carbo-hydrate  taken  by  the  adult  man,  will  require  about  one- 
third  the  amount  of  proteid,  and  fully  half  the  quantity  of  fat. 
In  milk,  the  natural  food  of  the  infant,  the  amount  of  carlx> 
hydrate  is  about  half  as  much  again  as,  and  the  quantity  of  fat 
is  about  equal  to,  that  of  tlie  proteid.  In  old  age  the  amount  of 
food  taken  should  be  somewhat  less  than  in  the  prime  of  life ;  the 
quantity  of  proteid  required  is  less,  and  the  carbo-hydrate  Avill 
also  bear  reduction.  The  fat  may,  however,  with  advantage  even 
somewhat  exceed  the  amount  prescribed  for  the  average  adult. 

As  regards  the  arrangement  of  meal-times,  it  is  usual  to  take  food 
three  or  four  times  a  day ;  the  hours  fixed  for  taking  food  should 
be  so  arranged  as  not  to  leave  too  long  an  interval  between  any 
two  meals.  When  hard  manual  labour  is  being  performed,  the 
chief  meal  is  generally  taken  in  the  middle  of  the  day.  If  the 
nature  of  the  ordinary  daily  work  is  intellectual  rather  than 
muscular,  there  is  advantage  in  postponing  the  chief  meal  of  the 
day  until  the  early  hours  of  the  evening,  that  is,  until  after  the 
labour  of  the  day  is  done.  It  is,  in  any  case,  undesirable  to  consume 
considerable  quantities  of  food  immediately  ^before  bed-time,  as  the 
processes  of  digestion  are  carried  on  less  actively  during  sleep.  The 
time  necessary  for  the  digestion  of  different  articles  of  food  is  very 
variable ;  it  has  been  found  that  flesh  remains,  as  a  rule,  from  two 
to  five  hours  in  the  stomach,  while  starchy  foods  are  somewhat  more 
speedily  disposed  of.  Veal  and  pork  are  less  readily  digested  than 
other  forms  of  meat.  » 

The  digestibility  of  food  is  in  most  cases  somewhat  assisted  by 
cooking,  which,  moreover,  develops  certain  flavours,  making  the  food 
more  appetising,  and  has  also  important  influence  in  favouring  the 
destruction  of  parasitic  forms  of  life  (including  pathogenic  micro- 
organisms) which  may  be  present  in  the  food.  A^egetable  foods,  as  a 
rule,  take  up  water  and  lose  a  certain  amount  of  salts  as  a  result  of 
cooking  processes.  Animal  foods,  on  the  other  hand,  generally  lose 
weight  on  cooking,  this  loss  being  chiefly  due  to  diminution  in  tho 
percentage  of  water  contained  in  the  food.  The  average  loss  of 
weight  in  roasting  meat  is  about  one-third  :  in  the  process  of  boiling 
the  loss  is  only  about  one-fifth  of  the  total  bulk.  The  proteids  of 
meat  are  partly  coagulated  by  cooking,  but  complet<^  coagulation  would 
render  the  meat  indigestible,  and  this  sliould  be  avoided.  In  roasting, 
it  is  usual  to  expose  the  joint  to  considerable  heat,  until  the  external 
portions  are  coagulated  and  the  retention  of  the  juices  of  the  meat 
is  thus  favoured.    The  subsequent  roasting  is  then  continued  at  a 
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somewhat  lower  temperature,  in  order  to  avoid  complete  coagulation 
of  the  greater  part  of  the  proteids. 

Diseases  Connected  with  Food. 

The  diseases  associated  with  the  consumption  of  food  are  many 
and  may  be  best  considered  in  relation  to  special  articles  of  diet! 
Certain  conclusions  Avith  regard  to  food  generally  may,  however,  be 
first  stated.  If  food  is  taken  in  excess  it  is  not,  as  a  rule,  readily 
absorbed,  but  undergoes  decomposition  in  the  alimentary  canal,  pro- 
ducing digestive  disturbance;  the  products  of  decomposition  may 
even  give  rise  to  a  condition  of  blood  poisoning.  The  consumption 
of  excess  of  proteids  is  in  some  cases  associated  with  the  develop- 
ment of  gout.  If  the  amount  of  food  is  insufficient  wasting  occurs, 
and  diarrhcea,  ophthalmia,  stomatitis,  and  skin  affections  may  be 
developed ;  the  power  of  resistance  to  many  of  the  forms  of  specific 
disease,  and  particularly  to  tuberculosis,  may,  moreover,  be  notably 
impaired. 

The  connection  between  scurvij  and  an  insuflicient  supply  of 
vegetable  acids  has  already  been  noted.    Rickets  is  another  malady 
which  stands   in   marked  relation   to  improper  dieting.  Young 
infants  cannot  digest  starch,  and  it  is  particularly  in  the  case  of 
children  brought  up  by  hand,  and  supplied  with  starchy  foods, 
that  tliis  malady  occurs.     A  form  of  infantile  scurvy  has  been 
observed  of  late  years  in  infants  fed  upon  preserved  foods,  and  it 
has  been  suggested  that  sterilisation  (carried  out  with  a  view  to 
destroying  pathogenic  organisms)  may  result  in  depriving  milk  of 
•some  ^  property  essential  to  it,  if  it  is  to  perfectly  discharge  its 
function  of  nutrition.     In  the  malady  just  referred  to,  which  is 
known  as  Barlow's  disease,  hfemorrhages  sometimes  occur  under 
the  periosteum  of  the  long  bones,  and  the  ordinary  symptoms  of 
rickets  may  also  be  developed.    The  administration  of  grape  juice, 
uncooked  meat  juice,  and  other  remedies  has  been  recommended  in 
these  cases  ;  a  liberal  supply  of  fresh  milk  is  also  indicated.  It 
has  been  contended  that  by  heating  to  boiling  point  and  then 
immediately  cooling,  milk  may  be  deprived  of  the  capacity  of 
transmitting  specific  disease,  without  sufi"ering  any  impairment  of 
nutritive  quality.    Again,  the  system  of  exposing  milk  for  20  to  30 
minutes  to  a  temperature  of  1.55°— 165°  F.  ("pasteurisation")  has 
come  largely  into  use  in  the  preparation  of  infant  foods. 

Meat.— In  connection  with  the  transmission  of  disease  by  con- 
sumption of  meat,  attention  has  been  specially  directed  to  some 
of  the  higher  parasites  occurring  in  animals,  which  manifest  ability 
to  undergo  development  in  human  beings  consuming  the  contami- 
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nated  flesh  as  food ;  further,  the  fitness  for  use  as  food  of  the 
flesh  of  animals  affected  at  the  time  of  being  slaughtered  by  well- 
recognised  forms  of  disease  needs  to  be  considered.  Of  late  years 
outbreaks  of  illness  have  been  repeatedly  traced  to  the  consump- 
tion of  certain  kinds  of  meat,  of  which  neither  of  these  hypotheses 
appears  to  afford  adequate  explanation.  It  has  been  conjectured 
in  such  cases  that  some  form  of  bacterial  life  must  have  found  a 
favourable  medium  for  its  growth  in  the  meat,  and  that  the  germ 
in  question  has  then  caused  the  mischief.  Again,  in  recent  years 
the  possibility  of  the  spread  of  tuberculosis  by  consumption  of  the 
flesh  of  animals  has  attracted  a  large  share  of  attention. 

To  deal  first  with  the  higher  parasites  which  infest  the  bodies  of  . 
animals  commonly  used  as  food.    These  forms,  producing  as  they 

do,  in  most  instances,  appearances  which 
may  excite  suspicion,  even  on  naked  eye 
examination,  were  the  first  to  attract 
attention  ;  but  in  this  country,  at  any  rate, 
the  role  which  they  play  in  the  produc- 
tion of  human  disease  is  not  a  consider- 
able one. 

There  are  species  of  tape-Avorm  which 
affect  man  and  food-animals.  Ta>nia 
solium*  is  probably  introduced  as  a  rule 
into  the  human  digestive  tract  by  the  con- 
sumption of  what  is  known  as  "measly 
pork."  The  affected  muscles  of  the  pig. 
and,  it  may  be,  the  liver  of  the  animal, 
present  a  mottled  appearance  due  to 
the  presence  of  numerous  small  oval 
cysts,  from  i^ich  to  as  much  as  |  inch 
in  their  long  diameter.  Each  cyst  is 
a  cysticercus  (Ci/sticercus  cdhdosa'),  or 
bladder-worm,  and  represents  a  stage  in 
the  development  of  Tsenia  solium. 

The  capsule  of  the  cysts  is  sometimes  partly  calcified,  and  a  gritty 
feeling  is  then  produced  on  cutting  through  the  muscle  substance 
invoh  ed  with  a  knife.  The  affected  flesh  becomes,  moreover,  flabby 
and  soft.  The  worm  contained  in  the  cyst  is  found  on  microscopic 
examination  to  present  a  somewhat  square-.shaped  head  with  a 

•  Dr.  Krchl,  whom  Lcuckart  consulted  with  reference  to  the  etymology 
of  this  strange  appellation,  declared  it  impossible  to  derive  the  word  splivm 
from  the  classic  languages.  He  offered  as  an  explanation  "  the  certainly 
somewhat  remote  Syriac  word  for  the  tape-worm/'  namely,  schiischl-c 
(properly  "  chains '  ). 


Fig.  30. 
Head  of  Tienia  solium. 
{After  Leuclcart.) 
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suckei-  at  each  angle,  Avhile  within  the  circle  of  suckers  are  two 
successive  rows  of  hooklets.  The  cysticercus  stage  is  very  rarely 
met  with  in  man,  and  the  adult  tape-worm  is  not  of  common  occur- 
rence in  this  country.  It  is  occasionally  found,  however,  in  con- 
sumers of  imperfectly  cooked  pork.  It  sometimes  attains  a  length 
of  several  feet,  and  may  comprise  700  to  800  segments.  The  head 
of  the  adult  worm  is  about  the  size  of  a  pin,  the  segments  adjoining 
it  are  correspondingly  minute,  but  the  largest  segments  attain  a 
size  of  about  12  mm.  by  5  mm.  The  eggs,  which  the  loAver  seg- 
ments contain  in  vast  numbers,  are  round,  and  enclosed  in  a  firm 
shell,  the  outside  of  which  is  thickly  covered  with  little  rods. 

Tsinia  niediocanellata*  (T.  saginata)  is  of  more  common  occur- 
rence in  man  in  this  country  than  the  tape-worm  already  described. 
Its  cysticercus  stage  {Cysticercus  hovis)  is  passed  in  the  ox,  in  which 
the  parasite  produces  what  is  called  "beef  measles."  The  head 
of  this  cysticercus  presents  no  hooklets,  but  has  four  prominent 
suckers,  often  surrounded  by  a  pigmented  border,  while  within  the 
circle  of  suckers  there  is  a  pit-like  depression.  The  adult  tape-worm 
attains  a  length  of  some  20  feet  and  includes  upwards  of  1,000 
segments.  The  eggs  are  slightly  oval,  and  about  -03  mm!  in 
diameter.     They  appear  to  have  a  covering  of  little  rods. 

Bothriocephalus  latus  probably  passes  its  larval  stage  of  develop- 
ment in  the  pike.  The  adult  form  is  met  with 
in  man  in  some  of  the  countries  bordering  on  the 
Baltic,  it  attains  a  greater  length  than  the  tape- 
worms already  mentioned,  the  head  has  no  suckers, 
but  has  a  deep  furrow  or  groove  on  each  side 
(hence  the  term  Bothrio-cephalus,  poOpo's,  a  hole, 
a  pit,  and  K^^aXrj,  the  head).  There  are  no  hook- 
lets and  the  body,  which  is  ribbon-like  in  shape, 
may  contain  upwards  of  3,000  segments. 

Taenia  echinococcus  is  found  in  its  adult  stage  3^ 
in  animals  of  the  dog  tribe,  the  larval  form  is  met     Head  of  i^o/i/tcio- 
with  in  man,  more  particularly  in  Iceland,  and  ^^i'/'^'"* 
produces  what  is  known  as  hydatid  disease,  which  usually  affects 
the  liver  or  lungs. 

The  adult  tape-worm  in  this  species  is  only  about  two  inches  long, 
and  it  has  three  or  four  segments ;  its  head  has  four  suckers  and  a 
double  row  of  hooklets.  The  eggs  to  the  number  of  about  500  are 
'•ontained  in  the  last  segment ;  they  are  spherical  in  shape,  and  in- 

*  So  caUed  by  Kiichenmeister,  who  was  under  the  erroneous  imprcssiou 
that  the  uterine  stems  of  the  joints  were  united  together  into  a  common 
longitudinal  canal. 
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elude  an  embryo  with  six  hooks.  On  reaching  the  alimentary 
canal  of  man  or  that  of  some  other  animal,  the  embryo  finds  its 
way  usually  to  the  liver,  and  there  a  large  cj'st  with 
numerous  secondary  cysts,  or  "  Vjrood  capsules,"  may 
be  developed.  Each  brood  capsule  contains  one  or  more 
"scolices"  as  they  are  called;  each  scolex  possesses  a 
ring  of  booklets,  and  is  capable,  if  it  obtains  access  to 
the  body  of  a  dog,  of  developing  into  a  mature  tape- 
worm. It  is  supposed  that  man  is  usually  infected  by 
consuming  uncooked  vegetables  upon  which  the  eggs 
have  been  deposited,  though  the  parasite  may  be  con- 
veyed by  the  dog  in  the  act  of  licking  its  master. 

The  fact  that  hydatids  are  of  not  uncommon  occur- 
rence in  the  food-animals  makes  it  desirable  that  dogs 
should  be  rigidly  excluded  from  slaughterhouses  ;  if 
this  be  not  done,  by  feeding  on  the  offal  they  may  them- 
selves become  infected,  and  they  may  cause  contamina- 
tion, of  the  slaughterhouse  surroundings  and  of  the  meat 
itself,  with  the  eggs  of  the  adult  worm. 

Trichina  spiralis  is  a  parasite  which  mainly  occurs  in 
the  pig.     In  Germany  symptoms  of  trichinosis  have 
not  infrequently  been  observed  in  man.     The  muscles  affected 

present  numerous  cysts  about 
Yo-  inch  in  length,  whicli 
lie  between  the  muscular  fib- 
rillfe  with  their  long  diameters 
disposed  in  the  direction  of 
the  muscle  fibres.  The  cyst 
walls  are  sometimes  more  or 
less  calcified,  and  each  cyst 
contains  an  immature  worm 
about  inch  in  length.  Tlie 
diaphragm  is  usually  a  favour- 
ite site  for  the  development 
of  tlae  parasite,  and  the  inter- 
costal muscles  are  also  often 
affected.  Thin  sections  of  the 
suspected  flesh  should  be  made 
in  the  direction  of  the  muscle 
fibres.  These  should  be  im- 
mersed for  a  few  minutes  in 
liquor  potassae,  which  renders 
the  muscle  fibres  translucent, 
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Muaele  affected  by  Trichiva  npiralit. 
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and  the  cyst  "w  ith  its  coiled  up  woi'iii,  if  present,  will  then  be  evident 
on  examination  with  a  low  power  of  the  microscope. 

Trichinosis  in  man  is  an  acute  febrile  affection  in  which  muscular 
pains  are,  as  a  rule,  a  prominent  symptom.  It  has  been  confused  at 
times  with  rheumatic  fever  and  with  typhoid  fever.  The  disease  is 
not  infrequently  fatal.  Symptoms  usually  develop  about  a  week 
after  the  ingestion  of  the  diseased  flesh,  and  last  for  a  fortnight 
or  more.  The  aftected  muscles  become  swollen  and  tender,  and 
codema  sometimes  occurs.  The  voice  may  be  hoarse,  prostration 
is  marked  in  sevei-e  cases,  and  peritonitis  or  pneumonia  may 
supervene. 

There  are  often  present  in  the  flesh  of  oxen,  sheep,  and  pigs  small 
oval  or  kidney-shaped  semi-transparent  objects  known  as  "Eainey's 
capsules,"  or  "  psorospei-mia " ;  these  bodies  are  enclosed  in  an 
investing  membrane  with  delicate  linear  markings,  and  internally 
they  consist  of  granular  particles,  they  lie  Avithin  the  sarcolemma  of 
the  muscle  fibre,  and  with  a  little  care  are  readily  distinguishable 
from  tricliinae ;  they  must  on  no  account  be  confused  with  the  psoro- 
spermia  often  found  in  the  liver  of  the  rabbit  and  some  other 
animals  {See  p.  316). 

The  flesh,  in  cases  in  Avhich  the  animal  is  known  to  have 
been  sufiering  from  some  form  of  specific  malady  at  the  time  of 
slaughter,  may  be  rendered  abnormal  in  appearance,  and,  if 
such  flesh  shows  signs  of  commencing  decomposition,  or  exhibits 
any  off'ensive  odour  (when  tested  by  inserting  a  long  knife  and 
smelling  it  after  withdrawal),  or  shows  marked  discoloration  or 
iridescence,  it  should  not,  of  course,  be  eaten.  A  sodden,  flabby 
condition  of  the  meat,  the  presence  of  hsemorrhagic  points  in  the  fat, 
the  existence  of  evidence  of  emaciation  in  the  carcase,  or  of  signs  of 
pleuritic  adhesions,  and  especially  any  indication  of  the  fact  that  the 
pleura  has  been  stripped  with  a  view  to  concealing  the  existence 
of  such  adhesions,  all  point  to  the  conclusion  that  the  meat  is 
diseased  and  unfit  for  food.  The  flesh  of  animals  which  have  died, 
or  have  only  been  slaughtered  in  a  dying  state,  is  generally  dark  and 
discoloured  by  reason  of  not  having  been  bled,  and  such  flesh  sets 
Ijadly  and  quickly  decomposes.  The  flesh  of  animals  that  have  been 
overdriven,  or  have  been  slaughtered  during  parturition,  often 
presents  abnormal  appearances,  but  such  flesh  need  not  necessarily 
l)f  regarded  as  unfit  for  food  provided  the  departure  from  the 
normal  condition  is  but  little  marked. 

I'leuro-Pneiimonia  is  a  disease  which  occurs  in  the  ox,  and  the 
evidence  of  its  existence  is  found  after  slaughter  in  the  condition  of 
the  lungs  and  pleural  membranes.    The  disease  is  not  transmissible 
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to  man,  and  if  the  flesh  presents  no  marked  deviation  from  the 
normal  appearance,  it  is  usually  passed  as  fit  for  food. 

Fooi-and- Mouth  Disease  is  also  a  localised  malady,  and  provided 
the  parts  implicated  are  destroyed,  and  the  flesh  is  not  notably 
deteriorated,  the  carcases  of  affected  animals  may  be  used  for 
food  without  danger  to  health. 

Rinderjiest  or  cattle  plague  is  said  to  render  flesh  unfit  for  human 
food,  though  when  the  malady  last  appeared  in  this  country,  the  flesli 
of  animals  which  had  presented  evidence  of  the  disease  was  consumed 
Avithout  ill  eff'ect  in  some  instances. 

A  nthrax  is  probably  not  often  communicated  to  man  by  means  of 
food,  but  the  carcases  of  animals  afl'ected  with  the  disease  should  be 
unhesitatingly  condemned ;  indeed,  when  the  nature  of  the  malady  is 
recognised,  the  carcase  should  not  even  be  incised,  but  should  be 
buried  with  every  precaution  against  the  spread  of  infection. 

The  term  Braxy  as  applied  to  disease  in  sheep  appears  to  include 
more  than  one  morbid  condition.  The  flesh,  in  cases  in  which  braxy 
has  been  diagnosed,  is  usually  altogether  abnormal  in  appearance,  and 
quite  unfit  to  be  eaten.  A  similar  remark  may  be  made  concern- 
ing— the  flesh  of  sheep  afl'ected  with  what  is  called  Variola  ovina  ; 
that  of  cattle  which  have  suffered  from  the  disease  of  the  joints, 
known  as  Joint  ill,  or  Joint  felon;  and  that  of  pigs  which  have 
presented  symptoms  of  Swine  fever. 

Actinomycosis  involves,  as  a  rule,  the  tongue  and  lower  jaw  of  the 
ox ;  it  may  also  occur  in  the  lungs,  alimentary  tract,  and  in  other 
parts.  It  has  not  been  shown  that  the  disease  has  been  commu- 
nicated to  man  by  the  consumption  of  the  flesh  of  animals  sufifering 
from  actinomycosis,  but  the  only  safe  course  is  to  condemn  sucli 
flesh. 

The  liver  fluke,  Distoma  hepaticum,  produces  what  is  termed  "  rot " 
in  sheep.  The  parasite  is  shaped  like  a  very  small  sole,  and  it  is 
about  one  inch  in  length.  Provided  the  flesh  is  not  abnormal  in 
appearance,  the  risk  from  consuming  it  is  practically  infinitesimal ; 
but  animals  suffering  from  the  malady  often  become  emaciated  and 
dropsical,  and  when  this  is  the  case  the  carcase  should,  of  course,  be 
condemned. 

The  consumption  of  flesh  in  Avhich  decomposition  has  set  in  is 
often  attended  with  the  production  of  gastro-intestinal  disturbance, 
though,  curiously  enough,  venison  and  game  are  usually  eaten  in  a 
state  in  which  decomposition  has  made  some  progress. 

Tlie  ill  effects  of  such  flesh  have  been  attributed  to  the  production 
of  chemical  poisons  in  the  decomposing  tissues :  in  "  the  eighties  ' 
careful  study  was  made  of  the  poisonous  products  of  bacterial 
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growth.  It  was  found  that  substances  resembling  vegetable 
alkaloids  in  chemical  composition,  and  like  them  possessed  of 
marked  poisonous  property,  result  from  the  growth  of  certain 
putrefactive  bacteria;  these  substances  were  called  "ptomaines" 
(TTToj/Aa,  a  dead  body).  Later  researches  showed  that  poisonous 
proteid  substances  (albumoses,  etc.)  were  also  produced  under  such 
circumstances.  A  few  years  ago  it  was  the  fashion  to  speak  of 
cases  in  which  food  was  found  to  be  at  fault  as  examples  of 
"  ptomaine  poisoning."  Since  it  has  been  made  clear  that  poisonous 
proteids  may  be  also  concerned  in  such  instances,  it  has  become 
more  usual,  when  the  chemical  nature  of  the  poison  is  not  precisely 
known,  to  speak  of  "  toxines  "  as  the  cause  of  the  mischief.  Several 
ptomaines  and  poisonous  albumoses  have  been  isolated  from  pro- 
ducts of  bacterial  growth.  In  some  cases  of  food-poisoning  a  dis- 
tinct incubation  period  occurs:  the  significance  of  this  fact  will 
be  further  referred  to  later. 

A  number  of  cases  of  food-poisoning  have  from  time  to  time 
been  investigated  for  the  Medical  Department  of  the  Local  Govern- 
ment Board,  and  Ballard  in  1891  summarised  the  results  of  the 
observations  made,  by  himself  and  Klein,  with  regard  to  them.  In 
the  Welbeck  outbreak  the  consumption  of  particular  hams  caused 
illness  in  a  number  of  persons  who  attended  a  sale  in  June,  1880, 
on  the  estate  of  the  Duke  of  Portland.     Klein  found  in  the 
suspected  ham  certain  bacilli,  and  these  bacilli  were  also  found  in 
the  kidney  of  a  man  who  died  of  the  disease.    The  organisms  were 
pathogenic  to  guinea-pigs  and  white  mice.    The  same  bacilli  were 
found  in  some  pork  the  consumption  of  which  caused  a  number  of 
cases  of  food-poisoning  at  Nottingham,  in  1881.    In  a  fatal  case 
at  Chester  in  the  same  year,  American  sausage   was  suspected 
to  have  been  the  cause  of  the  illness.     At   Oldham  in  1882, 
members  of  a  family  wlio  had  consumed  American  tinned  pigs' 
tongues  were  attacked  with  symptoms  of'  food-poisoning.  At  Bisliop's 
Stortford  in  1882,  individuals  belonging  to  three  families  who  ate 
some  ribs  of  beef  were  similarly  affected,  and  at  Whitchurch  instances 
of  food-poisoning  from  tlie  consumption  of  roast  pork  and  of  brawn 
were  observed  in  1878  and  1882,  respectively.    At  Wolverhampton 
m  1884,  members  of  a  family  who  had  consumed  a  "blown"  tin  of 
salmon  were  attacked  with  symptoms  of  poisoning.    At  Carlisle  in 
1886,  twenty  persons  who  were  present  at  a  wedding  breakfast 
were  affected,  and  suspicion  in  this  instance  especially  fell  upon 
certain  gelatinous  articles  which  had  been  eaten.    At  Trowbridge 
in  1886,  a  group  of  cases  occurred  among  persons  who  had  partaken 
of  veal  p,e.    At  Metford  in  1887,  a  number  of  cases  were  attributed 
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to  eating  pork  pie  or  brawn.  At  CarliHle  in  1889,  pork  pies  and 
boiled  salted  pork  fell  under  suspicion,  and  at  Portsmouth  in  1891 
persons  who  had  eaten  a  beef  pie  were  attacked. 

One  of  the  most  remarkable  instances  of  food-poisoning  referred 
to  was  the  outbreak  of  pneumonia  which  occurred  at  Middles- 
brough in  the  early  part  of  1888  and  caused  the  death  of 
490  persons.  Ballard,  who  investigated  this  outbreak,  was  le<l 
to  the  conclusion  that  American  bacon  was  the  medium  by  whic!i 
infection  was  conveyed,  and  Klein,  from  samples  of  the  bacon, 
isolated  an  organism  which  he  had  previously  found  in  the  lung 
juice  or  lung  tissues  of  persons  suffering  from  pneumonia.  This 
organism,  which  he  called  Bacillus  jmeumoniae,  proved  to  be 
pathogenic  in  rodents,  and  these  animals,  when  fed  with  cultures, 
developed  lung  and  visceral  lesions  similar  to  those  observed  in 
the  Middlesbrough  cases  in  man.  Moreover,  during  the  progress 
of  Klein's  experiments  an  epidemic  of  pneumonia  occurred  among 
mice,  guinea-pigs,  and  monkeys  kept  in  the  building  in  which  the 
work  was  being  carried  on,  and  in  the  animals  affected  the 
pneumonia  bacillus  was  also  found. 

In  some  of  the  above-mentioned  cases  of  food-poisoning  symptoms 
developed  shortly  after  the  suspected  food  was  eaten,  in  others  an 
incubation  period  of  a  number  of  hours  extending  to  twenty-four, 
and  in  one  instance  to  forty-three,  hours  intervened.  Ballard 
attributed  the  malady  to  a  chemical  poison  in  cases  of  the  kind 
first  named,  but  pointed  out  that  where  some  hours  for  incubation 
of  the  disease  were  necessary,  a  living  organism  was  probably 
at  work.  He  noted,  moreover,  the  frequency  with  which  pig  meat 
was  at  fault,  and  he  further  expressed  the  opinion  that  the  gelatine 
of  the  meat  was  the  medium  in  which  the  organisms  found  special 
opportunity  for  their  development.  He  concluded  that  meat  was 
particularly  liable  to  become  contaminated  as  the  result  of 
exposure  to  putrid  emanations,  and  he  insisted  upon  the  great 
importance  of  cleanliness  in  connection  with  cooking  operations. 

In  1885  Gaffky  and  Paak  isolated  a  bacterium  from  horse-flesh,  the 
consumption  of  which  had  given  rise  to  illness  affecting  eighty  persons. 
In  1888  Gartner  showed  that  an  organism,  wliich  he  called  the 
Bacillus  enteritidis,  was  the  cause  of  a  particular  outbreak  of  illness 
affecting  fifty-eight  people  who  ate  some  of  the  flesli  of  an  ox,  which 
there  was  reason  to  suppose  was  diseased.  This  bacillus  was 
probably  identical  with  that  isolated  by  Gaffky  and  Paak,  and  has  been 
since  isolated  in  other  cases  of  meat-poisoning,  and  it,  or  a  closely 
allied  form,  appears  to  be  the  cause  of  a  malady  termed  "  psittacosis  " 
which  has  been  observed  in  parrots.    Gartner's  bacillus  gives  a 
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serum  reaction  similar  to  that  yielded  by  the  typhoid  organism,  and 
examination  of  the  serum  of  persons  who  have  suffered  from 
symptoms  of  food-poisoning  has  now  come  to  be  regarded  as  an 
important  aid  to  diagnosis.  {See  an  Address  on  "  The  Present  Know- 
ledge of  Outbreaks  due  to  Meat  Poisoning  "  by  H.  E.  Durham,  Brit. 
Jled.  Jownal,  Dec.  17,  1898.)  Yet  another  organism,  the  anaerobic 
Bacillus  hotulinus  (bottdus  signifies  a  sausage,  and  the  term  botidisinus 
has  been  applied  abroad  to  certain  cases  of  food-poisoning),  has  been 
isolated  by  van  Ermenghem  from  poisonous  ham. 

Ihiberculosis. — The  important  question  as  to  the  nature  and  means 
of  combating  the  risk  involved  in  consuming  the  flesh  of  food- 
animals  affected  with  tuberculosis  has  been  studied  by  two  Royal 
Commissions,  those  of  1895  and  1898.  The  inquiries  of  the  first  Com- 
.  mission  resulted  in  the  conclusion  that  tuberculous  disease  in  bovine 
and  certain  other  animals  is  identical  with  that  occurring  in  the 
human  subject  (Koch  raised  question  as  to  this  matter,  however,  in 
1901,  see  p.  207).  The  facts  before  the  Commission  showed  that,  in 
cows  particularly,  tuberculosis  is  a  common  disease.  In  the  case 
of  milch  cows  a  large  proportion  of  the  carcases  examined  are 
affected — in  some  instances  40  per  cent.,  though  the  incidence 
varies  considerably  in  anima,ls  belonging  to  different  herds  and  breeds. 
Sheep  are  seldom  attacked,  but  in  pigs  the  disease  is  not  uncommon. 

Tuberculous  deposit  very  rarely  occurs  in  the  muscular  substance, 
but  Sidney  Martin  has  pointed  out  that  there  is  considerable  risk 
that  in  the  process  of  dressing,  the  carcase,  or  joints  of  meat,  may 
become  contaminated  by  the  use  of  a  knife,  which  has  been  employed 
to  incise  collections  of  tuberculous  material.  Experiments  were 
made  for  the  Commission  of  1895  as  to  the  efficiency  of  various  modes 
of  cooking,  which  showed  that  in  the  inside  of  a  joint  the  temperature 
seldom  reached  1 40 F.  Thus,  while  infective  material  on  the  exterior 
was  comparatively  readily  dealt  Avith,  it  was  found,  when  pieces  of 
meat  artificially  contaminated  on  the  surface  were  rolled  up,  that 
cooking  did  not  destroy  their  infective  property.  Boiling,  on  the 
whole,  was  more  effectual  than  roasting. 

It  has  been  pointed  out  that  the  mortality  from  tuberculosis  has 
notably  declined,  in  recent  years,  at  the  age-periods  at  whicli  meat 
is  especially  consumed,  and  this  reduction  has  been  accompanied  by 
an  actual  increase  in  the  amount  of  meat  eaten.  It  is  probable  that 
tul)erculoHis  is  not  transmitted  to  man  by  the  consumption  of  meat, 
tlierefore,  to  any  very  great  extent.  There  has  been  mucli  discussion 
as  to  whether  the  existence  of  small  foci  of  tubercular  mischief  in 
an  animal  should  necessitate  the  destruction  of  the  entire  carcase. 
On  the  one  hand  it  has  been  maintained  that  danger  is  only  to  be 
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The  entire  carcase 
and  all  the  or- 
gans may  he 
seized. 


feared  when  actual  tubercles  are  found  in  the  muscle  substance ; 
on  the  other  hand  it  has  been  alleged  that  the  only  safe  course  is  to 
destroy  the  entire  carcase,  inasmuch  as  the  disease,  thougli  ap- 
parently localised  to  tlie  naked  eye,  is,  as  a  matter  of  fact, 
generalised. 

The  Royal  Commission  of  1898  made  the  following  recommenda- 
tions with  regard  to  condemnation  of  the  carcases  of  tuberculous 
cattle : — 

(«)  When  there  is  miliary  tuberculosis  of\ 
both  lungs 

(b)  When  tuberculous  lesions  are  present  in 

the  pleura  and  ^seritoneum  ... 

(c)  When   tuberculous   lesions  are   present  i 

in  the  muscular  system,  or  in  the 
lymphatic  glands  embedded  in  or 
between  the  muscles  ... 

(d)  When  tuberculous  lesions  exist  in  any 

part  of  an  emaciated  carcase 

(a)  When  the  lesions  are  confined  to\ 

the    lungs    and    the  thoracic 
lymphatic  glands 

(b)  When  the  lesions  are  confined  to 

the  liver  ...        ...        •••  / 

(c)  When  the  lesions  are  confined  to 

any  combination  of   the  fore- 
going, but  are  collectively  small 
in  extent         ...        ...        . . .  / 

The  Commissioners  add : — "  In  view  of  the  greater  tendency  to 
generalisation  of  tuberculosis  in  the  pig,  we  consider  that  the 
presence  of  tubercular  deposit,  in  any  degree,  should  invoh'e  seizure 
of  the  whole  carcase  and  of  the  organs.  In  respect  of  foreign  dead 
meat  seizure  shall  ensue  in  every  case  where  the  pleura  have  been 
'  stripped.' " 

Recognition  of  the  risk  of  the  spread  of  tubercle  by  the  consump- 
tion of  meat  lias  emphasised  the  necessity  of  adequate  inspection, 
by  trained  inspectors,  of  animals  at  the  place  of  slaughter,  in  order  to 
give  opportunity  for  thorough  investigation,  not  only  of  the  tiesli, 
but  also  of  the  lungs  and  otlier  viscera,  and  of  the  carcase  genei-ally. 
Such  a  system  of  inspection  is  onlj'^  practicable  when  slaughtering  is 
conducted  in  public  abattoirs ;  in  many  towns  on  the  Continent, 
and  in  a  few  in  this  country,  the  necessity  for  this  has  been 
recognised.  Meat  is  stamped  with  a  distinctive  mark  in  many  ot 
the  Continental  towns  before  it  is  allowed  to  be  removed  from  the 
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abattoir  for  sale.  In  some  instances  meat  Avhich  is  regarded  as 
suspicious  is  cooked  with  special  precautious,  or  is  sterilised  by  the 
application  of  steam,  and  then  sold  at  a  reduced  rate.  Much 
opposition  has  been  encountered  in  this  country  to  the  institution 
of  public  abattoirs,  as  it  has  been  alleged  that  the  attractive 
appearance  of  home-killed  meat  can  only  be  produced  when  the 
butcher  has  the  opportunity,  of  preparing  animals  for  slaughter 
and  killing  them,  on  his  own  premises,  in  which  the  carcase  can  be 
afterwards  hung  and  allowed  to  set  properly.  The  handling  of 
freslily-killed  meat,  and  its  removal  immediately  after  slaughter, 
doubtless  interfere  with  this  setting  process,  but  this  difficulty  has 
been  met  by  the  provision  of  cold-storage,  and  the  advantages  of  the 
private  slaughter-house  are  now  no  longer  apparent.  On  the  other 
hand  the  disadvantages  arising  from  multiplication  of  such  estab- 
lishments, to  an  extent  which  makes  it  practically  impossible  to 
exercise  supervision  as  regards  the  fitness  for  food  of  the  meat 
dealt  with,  render  their  abolition  most  desirable,  apart  altogether 
from  the  nuisance  which  is  likely  to  result  from  the  continued 
existence  of  such  places  in  close  proximity  to  houses. 

Horseflesh  can  be  sold  for  human  food  if  it  is  sold  as  horseflesh ; 
to  supply  it  to  a  consumer  as  other  meat,  or  in  sausages,  etc.,  is  a 
contravention  of  the  provisions  of  the  Sale  of  Horseflesh,  etc., 
Kegulation  Act,  1889.  The  flesh  of  the  horse  is  darker  and  coarser 
as  a  rule  than  beef,  and  possesses  a  characteristic  odour.  The  fat  is 
yellower  than  beef  suet,  and  has  a  peculiar  taste.  Horseflesh  is  rich 
in  glycogen,  and  this  fact  may  be  utilised  as  a  means  of  detecting 
fraud,  when  such  flesh  has  been  substituted  for  ordinary  meat. 
A  concentrated  infusion  of  the  meat  is  made,  and  to  this,  when 
cool,  dilute  nitric  acid  is  added,  and  the  mixture  is  filtered.  A 
saturated,  hot,  freshly-prepared,  solution  of  iodine  is  then  slowly 
poured  down  the  side  of  the  vessel  containing  the  meat  extract  and 
acid,  in  such  a  way  that  it  comes  in  contact,  but  does  not  freely 
mix,  with  them ;  at  the  junction  of  the  liquids  a  ring  of  colour,  red 
to  violet,  is  developed  if  the  meat  extract  is  derived  from  liorse- 
flesh. 

Fish  possesses  high  nutritive  value  and  is,  as  a  rule,  readil}' 
digestible ;  improved  means  of  communication  and  of  preservation 
havf  led  to  increasing  use  of  this  form  of  food,  especially  by  poor 
persons  dwelling  in  large  towns  at  a  distance  from  the  coast.  Fish 
contains  a  notable  amount  of  phosphorus,  and  has  hence  been  lield 
to  possess  special  value  as  a  means  of  making  good  waste  of 
nervous  tissue.    Fish  harbour  numerous  parasitic  worms,  but  tlie 
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only  species  known  to  be  transmitted  to  man  is  the  Jiothriocepludim 
latus,  met  vnth.  in  countries  bordering  on  the  Baltic.  Poisoning 
has  resulted  in  some  instances  from  consumption  of  fish  ;  mackei-el, 
in  particular,  a  fish  which  undergoes  decomposition  with  special 
facility,  has  been  said  to  occasionally  produce  gastro-intestinal 
disturbance.  In  two  outbreaks  of  enteric  fever  which  occurred 
simultaneously  in  districts  in  South  London,  in  1900,  there  was 
evidence  pointing  to  the  conclusion  that  fried  fish  Avas  at  fault. 

Milk  contains  certain  proteids  (of  which  the  most  important  is 
casein),  carbo-hydrates  (lactose),  and  mineral  salts  in  solution,  and  it 
holds  in  suspension  microscopic  globules  of  fat.  The  globules  rise 
to  the  surface  when  tlie  milk  is  allowed  to  stand,  forming  cream. 
The  amount  of  cream  present  may  be  determined  by  allowing  the 
milk  to  stand  for  twelve  to  twenty -four  hours  in  a  cream-tube,  a 
cylindrical  tube  provided  with  a  graduated  scale  at  its  upper  part, 
upon  which  the  amount  of  cream  which  separates  can  be  read  oft\ 
On  the  average,  the  yield  of  cream  should  be  about  8  to  10  per 
cent.,  though  in  the  case  of  the  milk  of  Alderney  cows  it  sometimes 
exceeds  30  per  cent.  More  complete  separation,  than  is  attainable 
by  merely  allowing  the  milk  to  stand,  can  be  effected  by  ceutri- 
fugalisation  in  a  "  separator."  The  specific  gravity  of  milk  vai'ies 
from  about  1027  to  1034;  it  is  determined  by  means  of  the 
instrument  called  a  lactometer,  and  regard  should  be  paid  to  the 
temperature  at  which  the  estimation  is  made  ;  each  rise  of  10""  F. 
above  60°  F.  corresponds,  roughly  speaking,  to  a  fall  of  one  degree 
in  the  specific  gravity  of  milk.  At  60°  F.  a  fall  of  about 
3  degrees  in  specific  gravity  is  produced  by  the  addition  of 
10  per  cent,  of  water  to  the  milk.  Skim  milk  is  of  higher  specific 
gravity  than  whole  milk,  and  thus,  by  addition  of  water  to  skim 
milk,  the  fluid  may  be  again  reduced  to  the  specific  gravity  it 
originally  possessed  before  the  cream  was  removed. 

Cow's  milk  contains  more  proteid  and  salts,  and  less  carbo- 
hydrate, than  human  milk  does.  Hence,  in  employing  cow's  milk 
as  a  food  for  young  infants,  it  is  necessaiy  to  dilute  it,  so  as  to 
imitate,  as  nearly  as  may  be,  the  proportions  in  Avhich  proteids 
and  salts  exist  in  human  milk,  and  further  to  make  iip  for  the 
deficiency  of  carbo-hydrates  by  the  addition  of  milk  sugar.  An 
important  difference  between  cow's  and  human  milk,  moreover, 
lies  in  the  fact  that  wliile  tlie  latter  forms  a  loose,  flocculent 
curd,  when  it  is  acted  upon  by  the  digestive  juices,  the  tendency 
of  the  former  is  to  clot  in  masses,  which  are  less  readily  digestible. 
In  the  artificial  rearing  of  infants,  it  is,  tlierefore,  usual  to  add 
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barley  water  to  the  cow's  milk  used,  with  the  object  of  securing, 
by  the  mechanical  action  of  this  medium,  a  flocculent  curd,  sucli 
as  is  jaelded  under  ordinary  conditions  by  human  milk.  Ass's  milk 
approaches  human  milk  more  nearly  in  composition  than  cow's 
milk  does,  but  it  is  deficient  in  fat.  Goat's  milk  contains  excess 
of  both  fat  and  proteid  as  compared  with  human  milk.  Both  these 
last  named  kinds  of  milk  yield  a  flocculent  curd.  Mare's  milk 
aflbrds  considerably  less  fat  and  less  proteid  than  human  milk. 
"Koumiss"  is.  prepared  from  mare's  milk;  part  of  the  cream  is 
removed,  and  a  fermentation  process  is  then  set  up,  by  which  some 
of  the  milk  sugar  is  com-erted  into  lactic  acid. 

Cow's  milk  varies  in  composition  according  to  the  breed,  the  age, 
the  period  since  calving,  and  the  number  of  pregnancies,  of  the  cow 
from^  which  it  is  obtained.  The  season  of  the  year,  the  stage  of 
milking,  the  nature  of  the  food  given  to  the  cow,  and  the  conditions 
under  which  the  animal  is  kept,  also  exercise  influence.  The  "  fore 
milk,"  that  first  drawn,  contains  very  little  cream  ;  the  "  strippings," 
the  milk  last  drawn,  contain  excess  of  cream.  Much  discussion  has, 
therefore,  arisen  as  to  Avhat  should  be  accepted  as  the  minimum 
standard  for  the  various  ingredients  of  pure  milk.  It  is  usual  to  fix 
the  limit  at  either  3  per  cent,  or  2-75  per  cent,  in  the  case  of  fat, 
at  8-5  per  cent,  for  the  "  solids— non-fat,"  and  at  -7  percent,  for 
the  ash. 

The  "total  solids"  are  determined  by  evaporating  a  measured 
quantity  of  milk  (say  2  c.c.)  to  dryness  in  a  shallow  dish,  care  being 
taken  to  prevent  charring,  and  then  weighing  the  solid  residue. 
Thus  suppose  2  c.c.  of  a  sample  of  milk  of  specific  gravity  1030  be 
taken.  The  weight  of  the  2  c.c.  is  2-060  grammes.  If  the  residue 
after  evaporation  be  found  to  weigh  -28  gramme,  the  percentage  of 

total  solids  yielded  =  '.^^^^.99  =  13-42  per  cent.    The  total  solids 

in  a  sample  of  milk  usually  range  from  12  to  13  per  cent.  The 
amount  of  fat  present  in  the  sample  may  then  be  determined,  and  on 

deducting  this  amount  from  the  total  solids,  the  amount  of  "  solids  

non-fat "  is  known. 

The  estimation  of  the  fat  is  usually  made  as  follows :  The 
sample  is  well  shaken,  and  5  c.c.  are  placed  in  a  small  beaker 
and  weighed.  As  much  of  the  5  c.c.  as  possible  is  then  soaked 
up  by  a  coil  of  bibulous  paper  freed  from  fat.  The  coil  being 
removed,  the  beaker  and  its  contents  are  again  weiglied,  and  the 
amount  of  milk  taken  up  by  the  paper  is  thus  determined.  The  coil 
of  paper,  after  being  thoroughly  dried  in  a  water  oven,  is  subjected, 
in  a  Soxhlet's  apparatus,  to  the  action  of  anhydrous  ether,  wliich 
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accumulates  time  after  time  around  the  coil,  and  every  few  minutes, 
as  the  level  of  the  ether  attains  to  the  necessary  limit,  is  syphoned 
off.  After  repeated  syphonings,  the  ether  Avhich  has  extracted  tlie 
fat  from  the  coil  of  paper  is  evaporated  at  212'^  F.,  and  when  at 
length  a  constant  weight  is  obtained,  the  quantity,  of  fat  is 
determined.  The  amount  of  ash  can  be  ascertained  by  incinerating 
the  dried  residue  and  weighing.    It  should  be  about  -73  per  cent. 

In  estimating  the  extent  to  which  milk  has  been  adulterated  witli 
water,  the  "  solids — non-fat"  are  usually  taken  as  affording  a  more 
reliable  indication  than  the  fat  itself,  inasmuch  as  the  quantity  of 
the  latter  varies  more  in  different  samples  of  milk  than  that  of 
the  former.  If  the  "  solids— non-fat  "  are  only  7-5  per  cent,  instead 
of  8-5  per  cent,  (the  standard  adopted),  the  sample  contains  only 

100  i  e  88  per  cent,  of  pure  milk,  and  the  estimated  amount  of 
8-5       '  ■  ■' 

added  water  is  therefore  12  per  cent.  The  added  water  may 
be  also  determined  from  the  ash.  Thus,  if  in  a  particular  sample 
the  percentage  of  ash  is  found  to  be  -6  instead  of  -73,  the  sample 

contains  only  ^  100,  i.e.,  82-2  per  cent,  of  pure  milk,  and  the 

estimated  amount  of  added  water  is  therefore  17-8  per  cent.  The 
addition  of  adulterants  to  milk  tends,  as  a  rule,  to  increase  the 
amount  of  ash,  and  in  instances  in  which  formalin  has  been  added 
the  amount  of  total  solids  yielded  is  said  to  be  somewhat 
increased,  in  part  by ,  polymerisation  of  the  formic  aldehyde  and 
formation  of  a  non-volatile  substance,  and  in  part  by  conversion  of 
lactose  into  galactose.  The  standard  -73  per  cent,  for  the  ash  is 
somewhat  high,  and  -7  is  often  adopted.  If  the  milk  is  not  perfectly 
fresh,  a  slight  reduction  in  the  amount  of  "  solids— non-fat "  will  be 
observed.  Lactic  acid  is  soluble  in  ether,  and,  if  lactic  acid  fermenta- 
tion has  taken  place,  the  fat  is  likely  to  be  over-estimated,  and  tlie 
amount  of  "  solids— non-fat "  to  be  correspondingly  diminished.  If 
the  milk  be  only  slightly  sour,  a  little  ammonia  restores  its  fluidity, 
and  such  addition  is  sometimes  made  before  attempting  to  take  up 
tlie  milk  with  the  bibulous  paper  in  determining  tlie  fat.  If  tlie 
souring  process  has  progressed  to  any  considerable  extent,  the 
examination  cannot  be  satisfactorily  undertaken. 

A  Departmental  Committee  was  appointed  by  the  Board  of 
Agriculture  to  inquire  and  report  upon  the  desirability  of  Begii- 
lations  under  Sec.  4  of  the  Sale  of  Food  and  Drugs  Act,  1899, 
for  milk  and  cream.  A  majority  of  this  Committee  recom- 
mended that  if  the  total  solids  do  not  amount  to  12  per  cent,  the 
presumption  should  be  raised,  until  the  contrary  is  proved,  that 
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the  milk  is  deficient  in  the  normal  constituents  of  genuine  milk. 
Further,  that  if  this  limit  be  not  attained,  and  either  the  amount 
of  milk  fat  be  less  than  3-25  per  cent.,  or  the  non-fatty  milk 
solids  less  than  8-5  per  cent.,  the  presumption  should  be  raised, 
until  the  contrary  is  proved,  that  the  milk  is  adulterated.  The 
Committee  made  also  other  suggestions,  among  which  Avas  included 
the  recommendation,  that  separated  milk  should  be  branded,  or 
"  ear-marked,"  by  the  addition  of  some  suitable  and  innocuous  sub- 
stance. The  Sale  of  Milk  Regulations,  1901,  issued  by  the  Board  of 
Agriculture,  do  not  follow  the  Committee's  finding,  but  merely 
stipulate  that  if  there  be  less  than  3  per  cent,  of  milk  fat,  or  less 
than  8-5  per  cent,  of  milk  solids  other  than  fat,  "  it  shall  be  presumed 
for  the  purposes  of  the  Sale  of  Food  and  Drugs  Act,  1875  to  1899 
until  the  contrary  is  proved,  that  the  milk  is  not  genuine  "  The 
Regulations  also  fix  9  per  cent,  as  the  limit  of  milk  solids  in  skimmed 
or  separated  milk. 

Certain  preservatives  are  very  commonly  added  to  milk.  Formalin 
IS  employed  in  solution  containing  about  one  part  of  formaldehyde  in 
eighty  parts,  half-a-pint,  or  thereabouts,  being  sufl3cient  to  "  preserve 
a  churn  of  milk;  the  milk  thus  contains  about  one  part  of  form-> 
aldehyde  m  20,000  parts.    The  presence  of  formalin  may  be  tested 
for  by  ascertaining  whether  a  blue  colour  appears  on  addition  of 
sulphunc  acid;  or  by  distilling  the  sample  of  milk  into  solution  of 
diphenylamme  in  water,  acidulated  with  sulphuric  acid,  and  boil- 
ing, when,  if  formaldehyde  be  present,  a  white  precipitate  is  formed 
Boracic  acid  may  be  detected  by  evaporation  and  incineration  of  the 
milk,  taking  up  the  ash  with  a  little  water,  and  then  adding  enough 
hydrochloric  acid  to  produce  slight  acidity,  and  testing  with  turmeric 
paper.    On  drying  the  paper,  if  boracic  acid  has  been  added  to  the 
niilk,  a  browmsh  red  colour  is  produced,  which  becomes  bluish  green 
on  moistening  with  alkali.     Or  alternatively  a  few  c.c.  of  milk 
may  be  evaporated,  a  few  drops  of  strong  hydrochloric  acid  added 
when  the  evaporation  is  almost  complete,  and  the  Bunsen  flame  then 
made  to  play  across  the  top  of  the  evaporating  dish.  If  there  be  any 
borax,  a  green  tinge  will  be  detected  in  the  flame.    Salicylic  acid 
If  present   may  be  extracted  from  the  milk  by  shaking  with  a 
mixture  of  ether  and  petroleum  naphtha,  and  filtering  and  evapo- 
ratmg  the  extract,  then  dissolving  the  residue  in  distilled  water 
and  adding  dilute  ferric  chloride,  when  a  purple  colour  is  developed' 
It  has  been  found,  in  particular  instances,  that  the  addition  of 

the  other  hand,  it  has  been  contended  that  suitable  preservat  ves 
If  used  in  sufficient  dilution,  are  capable  of  preventing 'deterioration 
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of  milk  without  rendering  it  injurious.    Fresh  milk,  however,  needs 
no  preservative,  and  for  the  feeding  of  infants  it  is  especially 
necessary  that  milk  which  is  above  suspicion   should  be  used. 
Annatto  and  turmeric  are  often  added  to  milk  to  impart  a  yellow 
colour  to  it,  and  thus  bring  about  an  unnatural  appearance  of 
richness.    Their  use  gives  opportunity,  therefore,  for  abstraction  of 
cream.    In  1901  a  Departmental  Committee  of  the  Local  Govern- 
ment Board  reported  upon  the  use  of  preservatives  and  colouring 
matters  in  the  preservation  and  colouring  of  food.   The  conclusions 
arrived  at  by  this  Committee  were  that  the  use  of  formaldehyde 
or  preparations  thereof  in  articles  of  food  or  drink  should  be 
prohibited,  and  that  salicylic  acid  should  not  be  used  in  larger 
proportion  than  one  grain  in  a  pint  or  pound  of  food ;  that  pre- 
servatives and  colouring  matter  in  milk  should  be  altogether  pro- 
hibited, but  that  in  the  case  of  cream,  butter,  and  margarine, 
boric  acid  or  borate  of  soda,  in  strictly  limited  quantity,  not 
exceeding  -25  per  cent,  in  cream  and  -5  per  cent,  in  butter  or 
margarine,  should  be  permitted;  that  in  preparations  intended 
for  infants  or  invalids  chemical  preservatives  should  be  altogether 
•prohibited  ;  that  the  use  of  copper  sulphate  as  a  colouring  ingredient 
for  tinned  peas  should  not  be  allowed;  finally,  that  a  Court  of 
Reference  should  be  established,  or  that  a  neAV  obligation  should 
be  imposed  on  the  Local  Government  Board  to  exercise  supervision 
over  the  use  of  preservatives,  etc.,  and  to  issue  schedules  of  such 
preservatives  as  may  be  considered  dangerous. 

Tyrotoxicon,  the  poisonous  alkaloid  isolated  by  Vaughan  from 
cheese,  is  sometimes,  though  very  rarely,  found  in  milk.  To  detect 
it,  sodium  carbonate  may  be  added,  the  milk  being  then  shaken  up 
with  ether.  The  ethereal  extract  is  next  separated  and  evaporated,  a 
little  water  is  added  to  dissolve  the  residue,  which  is  then  filtered, 
and  the  filtrate  is  evaporated.  On  adding  a  mixture  of  equal  parts 
of  pure  phenol  and  sulphuric  acid,  an  orange  red  or  purple  colour  is 
developed  if  tyrotoxicon  be  present. 

Preserved  milk  has  of  late  years  come  largely  into  use.  In  some 
instances  the  cream  is  abstracted  before  the  milk  is  concentrated 
or  "  condensed  "  ;  but  the  importance  of  the  fact  that  condensed 
separated  milk  necessarily  contains  less  fat  than  condensed  whole 
milk  does,  lias  only  quite  recently  been  fully  appreciated.  For  the 
purpose  of  feeding  infants  condensed  skim  milk  is  quite  unsuitable. 
The  amount  of  fat  in  diflferent  brands  of  condensed  milk  ranges  from 
less  than  1  to  as  much  as  10  or  18  per  cent.,  it  is  therefore  of  great 
importance  tliat  the  varying  constitution  of  these  preserved  milks 
should  be  generally  recognised. 
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The  microscopic  and  bacteriological  examination  of  milk  is  a 
matter  to  which  a  growing  amount  of  attention  is  being  devoted. 
So  little  care  is  given  to  the  question  of  cleanliness  in  milking 
operations,  in  many  instances,  that  it  is  not  uncommon  to  find  gross 
evidence  of  pollution  on  examination  of  the  sediment  which  collects 
when  milk  is  allowed  to  stand.    The  udders  of  the  cow  and  the 
hands  of  the  milker  should,  of  course,  be  carefully  cleansed  prior 
to  milkmg,  but  this  is  by  no  means  the  invariable  practice ;  indeed, 
m  connection  with  many  cow-sheds,  no  facilities  for  washing  are 
at  the  present  time,  provided,  and   often  but  little   regard  is 
paid  to  the  obvious  precautions  necessary  for  preventing  excre- 
inental  pollution.     It  is  a  frequent  occurrence,  moreover,  for  one 
or  more  cows  in  a  shed  to  present  chronic  mastitis,  or  some  other 
condition  causing  the  milk  yielded  to  be  of  abnormal  character. 
The  question  whether  such  milk  shall  go  into  the  churn  or  down 
the  dram,  often,  unfortunately,  depends  merely  upon  the  caprice  of 
a  milker,  who,  it  may  be,  takes  a  somewhat  broad  view  as  to  what 
is  fit  for  human  consumption. 

The  milk  secreted  by  a  healthy  cow  is  free  from  micro-organisms, 
but  some  contamination  is  necessarily  incidental  to  the  process  of 
milking,  even  when  it  is  carefully  conducted,  and  many  of  the 
orgamsms  introduced  rapidly  multiply,  milk  being  a  very  favour- 
able medium  for  the  growth  of  bacteria.     The  microscope  may 
show  the  presence  of  epithelium,  pus,  casts  of  the  lacteal  tubes 
blood  corpuscles,  various  fungi  and  micro-organisms,  and  cow-dung 
(discoloured  vegetable  tissues).    Some  400,000  organisms  per  cubic 
centimetre  are  not  infrequently  found  in  milk,  and  larger  numbers 
have  been  counted ;   the  lactic  acid  bacillus.  Bacillus  hatyricus, 
Bacilhts  coli  communis,  various  micrococci,  sarcina;  and  moulds  are 
commonly  present.     Por  the  detection  of  tubercle  bacilli,  10  to 
15  c.c.  of  milk  are  injected  into  the  peritoneal  cavity  of  a  guinea- 
pig,  and  after  three  or  four  weeks  the  animal  is  killed  and  examined 
for  evidence  of  tubercular  mischief.    It  may  be  necessary  also  to 
examine  for  the  presence  of  typhoid  or  diphtheria  bacilli  in  milk 


Milk  in  Relation  to  Disease. 

Milk  readily  becomes  contaminated  by  gases  and  effluvia  to 
^vhich  It  ,s  exposed.  Thus  the  not  unconmion  practice  of  selling 
m.lk  in  shops  in  which  petroleum  is  retailed,  leads  from  time  to 
tnne  to  complaint  being  made  with  regard  to  the  taste  and  smell 
of  the  nnlk.     So  far  as  the  particular  source  of  contannnation 
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mentioned  is  concerned,  it  is  very  doubtful  whether  any  serious 
injury  to  health  is  produced.     The  possibilities  of  pollution  by 
drainage  effluvia,  by  emanations  from  decomposing  organic  matter, 
and  by  exposure  to  the  atmosphere  of  dwelling-rooms  (or,  indeed,  to 
the  air  of  ill-ventilated  rooms  generally)  all  need  to  be  carefully 
borne  in  mind,  as  they  may  involve  risk  of  communication  of 
harmful  property  to  the  milk.    In  some  instances  it  has  been 
found  that  metallic  impurity  (lead  and  copper)  has  been  taken  up 
from. vessels  in  which  milk  has  been  stored,  and  unless  milk  measures, 
churns,  .etc.,  are  kept  scrupulously  clean,  there  is  liability  to  collec- 
tion of  material  derived  from  the  milk,  and  of  foreign  substances,  in 
crevices  and  corners,  and  this  source  of  contamination  requires  to 
be  ca,refully  looked  to.     Milk  which  has  become  sour  is  apt  to  pro- 
duce digestive  disturbance,  particularly  in  young  infants  :  the  fact 
that  the  epidemic  diarrhoea  of  warm  weather  is  comparatively  rare 
in  breast-fed  infants,  but  common  among  children  brought  up  by 
hand,  makes  it  specially  necessary  to  take  every  possible  precaution 
with  a  view  to  avoiding  the  addition  of  impurity.    The  milk  should, 
of  course,  be  boiled  or  "  pasteurised  "  as  an  additional  precaution, 
but  heat  does  not  necessarily  affect  the  chemical  poisons  produced  by 
the  growth  of  bacteria,  and  it  is  not  desirable  to  attempt  to  bring 
about  the  destruction  of  resistant  spores  {See  p.  179.) 

The  milk  of  cows  may  be  rendered  abnormal  in  quality  in  con- 
sequence of  peculiarities  in  the  animals'  food.    Thus  cows  which 
have  eaten  Rhus  toxicodendron  have  been  found  to  yield  milk  wHch 
causes  digestive  disturbance,  and  ill  effects  are  said  to  have  been 
observed  after  the  use  of  the  milk  of  animals  fed  upon  "  brewers' 
grains."     The  milk  of  newly-calved  cows,  which  presumably  con- 
tains  colostrum  corpuscles,  milk  which  is  "ropy"  or  "stringy," 
milk  contaminated  with  pus,  e.g.,  in  cases  of  abscess  of  the  udder 
and  the  milk  yielded  in  cases  of  chronic  mastitis,  should  not  be  sold 
for  human  consumption.    The  milk  of  cows  suffering  from  foot  and 
mouth  disease  is  said  to  produce  stomatitis  in  man.     The  "thrush 
of  infants  has  been  attributed  to  the  presence  of  Okliam  albicans 
in  milk,  and  other  fungi  have  been  described  as  being  present,  in 
instances  in  which  gastric  disturbance  has  been  observed  to  follow  the 
use  of  milk.     In  cases  in  which  milch  cows  are  affected  with 
anthrax,  the  specific  bacillus  has  been  found  in  the  milk.  In 
many  acute  constitutional  diseases  of  the  cow  the  yield  of  milk  is 
lessened  or  ceases  altogether;  in  tubercular  disease  the  amount  of 
milk  secreted  is  often  considerable,  even  in  the  later  stages  of  the 
malady     The  poisonous  alkaloid  tyrotoxicon,  isolated  by  Vaughan 
from  cheese,  has  been  found  to  be  present  in  rare  instances  in  milk. 
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The  Reports  of  the  Mediccal  Officer  of  the  Local  Government 
Board  for  1893-94  and  for  1895-96  give  account  of  occurrences  of 
an  "  epidemic  skin  disease  "  in  certain  workhouse  infirmaries.  Dr. 
Copeman,  who  investigated  these  outbreaks,  found  reason  for 
concluding  that  the  disease  had  been  distributed  by  milk,  but  it 
was  not  possible  to  make  "  exact  inquiry  as  to  the  changes  to 
which  the  milk  .  .  .  was  subjected  before  being  delivered  to  the 
inmates  of  the  institutions  in  question." 

The  abiHty  of  milk  to  act  as  a  means  of  conveying  the  infection 
of  specific  disease  requires  to  be  particularly  considered  in  connec- 
tion with  enteric  fever,  scarlet  fever,  diphtheria,  cholera,  tuber- 
culosis, and  diarrhoea. 

_  Enteric  Fever.-Dr.  Michael  W.  Taylor  found  that  at  Penrith, 
m  October  and  Kovember,  1857,  cases  of  fever  occurred  in  seven 
houses,  the  families  living  in  which  were  supplied  with  milk  from  a 
particular  dairy.  He  published,  in  the  Edinburgh  Medical  Journal 
ot  May,^^  18o8,  a  paper  entitled,  "The  Infection  of  Fever  by 
Ingesta,"  m  which  an  account  was  given  of  this,  the  first  recognised, 
instance  of  milk-borne  infection.  In  1870  an  outbreak  of  enteric 
fever  in  Ishngton  was  traced  by  Ballard  to  milk,  and  from  that  time 
onwards  many  similar  prevalences  have  been  shown  to  have  originated 
m  like  manner. 

In  1881,  Ernest  Hart  summarised,  in  a  paper  read  before  the' 
International  Medical  Congress  of  that  year,  the  facts  relating  to 
fifty  outbreaks  of  milk-borne  enteric  fever,  of  which  he  had  been 
able  to  collect  the  particulars,  and  in  a  later  report,  dated  1897, 
which  appeared  in  the  British  Medical  Journal,  he  was  able  to 
include  forty-eight  others,  making  a  total  in  all  of  ninety-eight 
outbreaks.  In  one  instance,  reported  upon  by  Geo.  Turner,  who 
investigated  the  circumstances,  in  South-East  London  in  1891  ice- 
cream was  found  to  be  at  fault;  it  may  be  that,  in  this  case',  in- 
fective property  was  imparted  to  the  ice-cream  by  milk,  but  it  is  also 
possible  that  the  infection  was  directly  communicated  to  the  ice- 
cream, and  was  not  derived  from  milk. 

In  some  of  the  instances  recorded  by  Ernest  Hart  the  pollution 
of  the  milk  was  ascribed  to  the  fact  that  the  milk-cans  were  washed 
with  polluted  water.  Thus,  in  an  outbreak  at  Leicester  in  1882 
in  one  at  Exeter  in  the  following  year,  in  one  at  Clapham  in  I882' 
in  one  at  Lancing  in  1886,  in  one  at  Edinburgh  in  1890,  and  in  one 
at  Torquay  m  1892,  well  waters,  which  were  shown  to  be  liable  to 
excremental  contamination,  were  employed  in  the  dairies  implicated 
In  other  cases-for  example,  in  an  outbreak  in  Warwickshire,  in 
1883,  and  m  one  at  Plymouth,  in  1892-infection  was  ascribed  to 
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the  fact  that  persons  suffering  from  enteric  fever  were  employed 
in  connection  with  the  milk  business.  In  an  outbreak  at  Derby, 
in  1884,  the  mother  of  a  patient  suffering  from  enteric  fever  was 
engaged  in  milking  the  cows  and  in  washing  the  milk-cans.  In 
other  instances  milk,  proved  to  possess  infective  property,  was  stored 
under  conditions  which  made  it  possible  that  specific  polluting 
material  conveyed  through  the  atmosphere  might  have  obtained 
access  to  it.  In  some  of  the  outbreaks  included  in  the  summary  no 
possible  source  of  contamination  of  the  milk  was  detected. 

In  connection  with  an  inquiry  at  Eagley  and  Bolton,  in  1876, 
made  by  Power,  question  was  first  raised  as  to  the  possibiUty  of 
the  milk  having  obtained  its  infective  properties  owing  to  the 
existence  of  some  cow  malady.  A  similar  suspicion  has  been 
entertained  in  one  or  two  other  outbreaks,  and  Dr.  Allan,  of 
Pietermaritzburg,  was  led,  as  the  result  of  his  experience,  to  the 
conclusion  that  milk  may  become  contaminated  in  this  manner. 
Klein  has  recently  shown,  by  inoculation  experiments,  that 
Bacillus  typhosus  is  able  to  multiply  and  develop  in  the  lymph 
glands  of  the  calf. 

Scarlet  Fever.— M.  W.  Taylor,  of  Penrith,  in  the  year  18b7, 
found  reason  for  supposing  that  this  disease  was  capable  of  being 
transmitted  by  milk.  In  the  British  Medical  Journcd  (vol.  n. 
1870)  account  is  given  of  an  outbreak,  due  to  this  cause,  at  St. 
Andrews,  which  was  recorded  by  Professor  Bell,  and  in  the  same 
volume  appears  M.  W.  Taylor's  paper,  "On  the  Transmission  of 
the  Infectious  Fevers  by  means  of  Fluids,"  in  which  he  alludes  to 
the  outbreak  at  Penrith,  and  describes  how  scarlet  fever  "followed 
the  trail  of  the  milk  carrier"  in  that  town.  Ernest  Hart's  paper 
of  1881  contained  reference  to  fifteen  prevalences  of  milk-borne 
scarlet  fever,  and  his  later  paper  of  1897  to  thirty-two  further 
outbreaks.  Among  the  earlier  group  was  included  an  instance  m 
which  guests  who  partook  of  cream  at  a  dinner  party  given  m 
South  Kensington  in  the  year  1875  were  affected. 

In  many  of  the  earlier  prevalences  of  milk-borne  scarlet  fever,  the 
contamination  of  the  milk  was  ascribed  to  infection  imparted  to  it 
by  some  person  suffering  from  the  disease ;  or,  again,  the  conditions 
under  which  the  milk  was  stored  were  assumed  to  have  facilitated 
the  acquirement  of  infectious  property.  In  1882,  however,  in  an 
outbreak  in  St.  Giles  and  St.  Pancras,  investigated  by  Power, 
it  was  found  that  milk  obtained  from  a  Surrey  farm  was  at 
fault,  but  that  it  was  impossible  to  discover  any  means  by  which 
the  milk  "could  have  received  infective  quality  from  the  human 
subject  "    It  was  noted  that  a  newly-calved  cow  which  had  recently 
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come  into  milk  at  the  farm  was  suffering  from  some  ailment  of 
which  the  loss  of  hair  in  patches  was  a  symptom. 

The  Hendon  Outbreak. — In  December,  1885,  an  outbreak  of 
scarlet  fever  was  traced  to  milk  supplied  from  a  Hendon  farm,  and 
the  inquiry  made  by  Power  into  the  circumstances  is  of  such  im- 
portance as  to  require  special  consideration.  Investigation  as  to 
antecedent  disease  among  the  Hendon  population  failed  to  give 
any  positive  result,  and  the  farm  itself  was  "sanitarily  perfect." 
The  question  therefore  arose  whether  the  cows  themselves  "had 
something  or  other  to  do  with  any  scarlatina  which  had  been 
distributed  along  with  their  milk."  The  milk  from  these  cows  was 
retailed  in  five  districts  by  various  vendors  : 

1.  By  Mr.  X,  in  Marylebone,  among  whose  customers  disease 
appeared  at  the  end  of  November,  and  they  suffered  heavily  up  to 
the  end  of  the  third  week  in  December. 

2.  By  Mr.  Y,  in  Hampstead,  Avhose  customers  were  attacked  in 
two  groups,  a  small  group  at  the  end  of  November,  and  a  larger 
group  in  the  latter  half  of  December. 

3.  By  Mr.  Y,  in  St.  Pancras,  whose  customers  suffered  to  a  less 
extent,  but  the  attacks  were  grouped  in  the  manner  already  noted 
in  Hampstead. 

4.  By  Mr.  Z,  in  St.  John's  Wood,  whose  customers  escaped 
altogether  until  after  the  end  of  the  year. 

5.  By  Mr.  P,  in  Hendon,  to  a  few  families,  two  of  which  were 
implicated  in  the  early  part  of  December. 

In  the  absence  of  other  explanation  of  the  way  in  wliich  in- 
fective property  could  have  been  imparted  to  the  milk,  inquiry 
was  instituted  as  to  any  new  condition  pertaining  to  the  cows 
coincidently  with  acquirement  of  ability  of  their  milk  to  produce 
scarlatina — at  the  end  of  November,  in  four  milk  districts  : 
throughout  December,  in  Mr.  X's  district;  after  an  intermission, 
in  December,  in  Mr.  Y's  two  milk  districts;  while  the  condition 
in  question  was  absent  from  the  cows  that  furnished  milk  for 
Mr.  Z's  business. 

It  was  found  that  on  the  loth  of  November  three  newly-calved 
cows  from  Derbyshire  arrived  at  the  Hendon  farm,  and  on  the  4th 
of  December  four  additional  cows  were  received  from  Oxfordshire. 
In  the  third  or  fourth  week  of  November,  the  milk  allotted  to 
Mr.  X  was  derived  from  two  of  the  four  sheds  at  the  farm,  described 
as  the  "  large  "  and  the  "  middle  "  sheds ;  that  sent  to  Mr.  Y  came 
in  part  from  the  "  middle "  shed,  and  in  part  from  a  shed  called 
the  "  small "  shed ;  Mr.  Z  was  supplied  from  the  "  small "  shed. 

The  15th  of  November  cows  had  been  placed  on  their  arrival 
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at  the  farm  (with  a  view  to  making  -sure  that  they  were  not 
suffering  from  foot  and  mouth  disease)  in  what  was  known  as  the 
"  quarantine  shed " ;  their  milk  was  sent  on  some  days  to  Mr.  X, 
on  other  days  it  was  employed  to  make  up  the  supply  of  Mr.  Y,  and 
frequently  it  went  to  both  these  retailers  on  the  same  day,  but  it 
rarely,  if  ever,  went  to  Mr.  Z. 

On  the  assumption  that  the  milk  of  these  15th  of  November  cows 
was  infective,  the  incidence  on  X  and  Y,  and  the  exemption  of  Z 
would  therefore  be  explained  ;  but,  as  Power  pointed  out,  if  the 
above  concurrence  was,  in  truth,  indicative  of  cause  and  effect,  it 
must  be  possible  to  set  down,  d  jiriori,  "  certain  other  parallel  events 
which,  if  they  had  occurred,  would  greatly  strengthen  the  inference.'' 
Thus,  the  limitation  of  the  disease,  shortly  after  its  first  appearance, 
to  Mr.  Xs  district,  suggested  that  the  15th  of  November  cows  had 
been  transferred  in  the  last  days  of  November,  or  the  earliest  day.-i 
of  December,  to  the  large  shed,  and  it  was  found  that  towards  the 
end  of  November  they  were  so  transferred.    Again,  the  fact  that, 
after  an  intermission  in  the  early  part  of  December,  Mr.  Y's  two 
districts  were  again  involved,  suggested  that  "  about  the  second  week 
of  December  some  of  the  15th  of  November  cows,  or  some  of  the 
4th  of  December  cows  (which  up  to  December  11th  had  occupied  the 
quarantine  shed),  or  some  other  cows,  that  had  been  during  early 
December  in  close  relation  with  the  15th  of  November  cows,  were 
probably  transferred  to  the  middle  shed  and  their  milk  dehvered 
from  thence."    Here,  again,  it  was  found,  as  a  matter  of  fact,  that 
on  or  about  the  11th  of  December,  two  of  the  4th  of  December 
cows  were  placed  in  the  large  shed,  and  the  other  two  in  the 
middle  shed.    Finally,  the  escape  of  Mr.  Z's  customers  suggested 
that  "  it  was  not  probable  that  at  any  time  up  to  the  end  of  the 
second  week  in  December,  any  of  the  15th  of  November  cows, 
nor  any  of  the  4th  of  December  cows,  nor  any  cow  that  had  been 
in  close  relation  with  such  cows,  had  been  transferred  to  the  small 
shed."   As  a  matter  of  fact,  this  had  not  happened.    Thus,  as  Power 
said,  "what  had  been  seen  to  be  a  succession  of  probabilities,  if 
the  scarlatina  in  London  districts  were  indeed  the  outcome  of  tlio 
milk  distributed  from  the  Hendon  farm,  was  now  established  as  a 
succession  of  facts." 

On  the  15th  of  December,  Mr.  X  returned  his  milk  to  the 
Hendon  farmer,  and  on  the  16th  of  December  and  subsequeut 
days  it  was  consumed  by  persons  living  in  Hendon,  and  some 
half-dozen  families  so  supplied  were  attacked;  conversely,  new 
cases  ceased  to  occur  among  Mr.  X's  customers  in  ISLarylebone. 
In  the  last  days  of  December  the  two  cows  placed,  on  the  11th 
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of  December,  in  the  middle  shed  (being  now  suspected)  were  re- 
moved to  the  large  shed.  On  the  31st  of  December  and  following 
days,  several  cows  at  the  farm  were  found  to  present  sores  on  the 
teats  and  udders ;  this  condition  was  very  general  in  the  large  shed  ; 
the  15th  of  November  cows  presented  scars;  two  of  the  4th  of 
December  cows  had  sores,  one  of  those  transferred  from  the  middle 
shed  being  especially  affected ;  in  the  middle  shed  several  recent  cases 
were  discovered,  and  two  early  cases  were  noted  in  cows  in  the  small 
shed.  It  was  ultimately  ascertained  that  one  of  the  Derbyshire 
cows  had  first  presented  evidence  of  this  cow  disease,  that  then  other 
cows  in  the  same  shed,  and  a  4th  of  December  cow  in  the  middle 
shed,  had  suffered,  and  that  latterly  the  malady  had  spread  abroad 
in  the  large  shed  and  middle  shed,  and  had  begun  to  invade  the 
small  shed. 

This  sequence  of  events,  when  considered  in  relation  with  the 
scarlet  fever  incidence  in  the  different  districts,  was  quite  con- 
.sistent  with  the  hypothesis  that  the  cow  malady  was  the  cause 
of  the  infective  property  being  communicated  to  the  milk.  In 
.  Marylebone,  as  already  noted,  cases  ceased  to  occur  towards  the 
end  of  December,  subsequent  to  discontinuance  of  the  employment 
of  Hendon  milk.  There  Avas  diminution  of  the  disease  in  Mr.  Y's 
district  about  Chi-istmas,  and  a  recrudescence  Avas  observed  in  the 
early  days  of  J anuary ;  these  phenomena  corresponded  with  the 
removal  of  the  two  4th  of  December  cows  to  the  large  shed,  and 
the  reappearance,  shortly  after,  of  new  cases  of  cow  disease  in  the 
middle  shed.  Finally,  in  the  early  days  of  January,  the  daughter 
of  one  of  the  cowmen  supplied  from  the  small  shed  was,  attacked, 
and  Mr.  Z's  customers  began  to  suffer ;  "  these  events  corresponded 
to  a  nicety  with  the  appearance  for  the  first  time  of  the  cow  disease 
among  the  animals  in  the  small  shed." 

The  nature  of  this  infective  cow  malady  was  investigated  from  the 
bacteriological  side  by  Klein,  who  found  that  certain  of  the  viscera 
of  affected  cows  presented  diseased  conditions  similar  to  those  observed 
in  fatal  cases  of  scarlatina  in  man,  and  that  a  streptococcus,  which 
he  called  the  Streptococcus  scarlaiime,  could  be  isolated  from  material 
derived  from  the  affected  cows,  from  the  blood  of  persons  suffering 
from  scarlatina,  and  from  the  internal  organs  of  persons  dying  of 
scarlatina.  He  further  found  that  subcultures,  derived  from  man  or 
from  the  cow,  produced,  Avhen  inoculated  into  calves,  "  every  mani- 
festation of  the  Hendon  disease,  except  sores  on  tlie  teats  and 
udders";  that  subcultures  inoculated  into  recently-calved  cows 
produced  the  characteristic  ulcers  on  the  teats;  tliat  in  rodents 
subcultures,  whether  from  man  or  from  tlie  cow,  produced  identical' 
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effects ,  and  that  calves  feci  on  subcultures  established  from  liuman 
scarlatina  developed  the  Hendon  disease. 

Much  controversy  arose  as  to  these  results.  An  eruptive  disease 
of  the  teats  and  udders  of  cows  in  Wiltshire,  which  did  not  give 
rise  to  scarlet  fever,  was  investigated  by  Crookshank,  who  arrived 
at  the  conclusion  that  this  disease  was  cow-pox.  Klein  pointed 
out  that  the  Hendon  disease  differed  from  cow-pox  in  the  more 
rapid  course  of  the  eruption,  the  more  pronounced  infiltration  of  the 
corium,  the  shorter  duration  of  the  crust  stage,  and  the  more  speedy 
progress  of  healing.  Again,  the  appearances  on  inoculation  of  calves 
differed  in  the  two  maladies,  while  in  the  Hendon  disease  sores  did 
not  develop  on  the  milkers'  hands,  and  there  was  distinct  visceral 
disease  in  the  affected  cows.  Klein  further  investigated  eruptive 
maladies  of  the  cow  (associated  with  spread  of  scarlet  fever,  or 
infectious  disease  resembling  scarlet  fever,  to  man),  which  were 
observed  in  Camberwell,  in  Glasgow,  and  in  Edinburgh. 

In  other  outbreaks  {e.g.,  one  at  Macclesfield  and  Upton  in  1889, 
one  at  Sutton  Coldfield  in  1891,  and  one  in  the  south-east  of  London 
in  1892)  question  as  to  cow  disease  having  been  concerned  in  im- 
parting to  milk  the  property  of  communicating  scarlet  fever  was 
raised.  It  is  noteworthy  that  in  the  first  of  these  outbreaks  the 
symptoms  were  not  altogether  typical  of  scarlet  fever — the  rash 
was  ill-defined,  desquamation  scanty,  kidney  complication  was  rare, 
and  purging  and  vomiting  were  frequent  at  the  commencement  of 
the  illness.  In  other  outbreaks  ■  associated  with  milk,  difficulty 
has  been  experienced  in  making  a  diagnosis,  sore  throat  being, 
as  a  rule,  a  pronounced  symptom,  but  the  type  of  disease  not 
altogether  typical  of  either  scarlatina  or  diphtheria.  Thus,  Warry 
gives  account  of  a  prevalence  of  throat  illness  "accompanied  by 
much  enlargement  of  the  glands  of  the  neck  and  considerable 
weakness,"  which  occurred  in  Hackney  in  1900.  Information  was 
received  concerning  151  cases  of  throat  illness  in  88  households,  of 
which  138  cases  occurred  in  75  households  receiving  milk  from  one 
vendor.  A  somewhat  similar  outbreak  at  Hornsey  was  reported 
on  by  Kenwood  in  1895.*  It  has  been  stated  that  in  milk-borne 
scarlatina  there  is  comparatively  little  tendency  of  the  disease  to 
spread  from  person  to  person. 

In  the  Twenty-seventh,  Twenty-eiglith,  and  Twenty-nintli  Annual 

*  Prevalences  of  throat  iUncss,  presenting  similarity  to  the  Hackney  and 
Horiisev  outbreaks,  were  described  by  Wheaton  in  1894  (^^Jpidtmiological 
.Variety's  Tranmotions%  and  by  llcid,  in  1896,  in  a  paper  read  before  the 
Society  of  Medical  Officers  of  Health.  In  these  instances,  however,  nulk 
was  not,  as  at  Hackney  and  Hornsey,  held  to  be  at  fault. 
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Reports  of  the  Medical  Officer  of  the  Local  Government  Board,  the 
outcome  of  further  inquiry  concerning  the  bacteriology  of  scarlet 
fe^^er  is  given.  The  Twenty-seventh  Report  contains  a  paper  by 
Klein  and  Mervyn  Gordon  on  results  obtained  on  investiga- 
tion of  "  Return  Cases  of  Scarlet  Fever."  It  was  found  that  the 
Streptococcus  scarlatime  or  conglomeratus,  "though  ever  present  in 
the  throats  of  patients  suffering  from  scarlet  fever  in  its  earlier 
stages,"  could  not  be  demonstrated,  during  convalescence,  in  the  skin, 
the  urine,  or  in  material  derived  from  cases  which  had  developed 
otitis.  It  was,  however,  isolated  in  some  instances  in  which  nasal 
discharge  was  observed,  and  was  found  to  persist  and  even  to  recur 
in  abundance  in  the  throat  secretions  of  particular  individuals  long 
after  they  had,  to  all  appearance,  completely  recovered  from  an  attack 
of  scarlet  fever. 

Mervyn  Gordon,  in  the  above-cited  Twenty-eighth  Report,  gives 
account  of  careful  study  of  the  streptococcus  group  of  organisms, 
and  records  further  investigations  made  concerning  scarlet  fever 
cases.  The  Streptococcus  scarlatinie  was  originally  differentiated 
by  Klein  from  other  streptococci  mainly  by  its  cultural  characters 
in  broth  (the  fluid  remaining  clear,  while  the  organisms  formed  a 
single  coherent  conglomerate  mass,  or  several  smaller  ones,  at  the 
foot  of  the  test  tube),  by  its  ability  to  clot  milk  and  to  show  certain 
peculiarities  in  agar  cultures,  and  by  its  pathogenicity  as  determined 
in  mice  and  rabbits.  Mervyn  Gordon  attempted,  by  comparing  the 
organism  with  other  streptococci,  to  facilitate  its  more  rapid  and 
complete  distinction  from  them.  His  further  study  of  scarlet  fever 
cases  confirmed  previous  results  obtained  with  regard  to  throat 
secretions,  inasmuch  as  he  found  that  the  Streptococcus  scarlatinas 
was  present  in  such  secretions  up  to  a  late  stage  of  convalescence, 
and  even  after  seeming  complete  recovery. 

Mervyn  Gordon  later  set  himself  to  ascertain  Avhat,  if  any,  was  the 
predominant  organism  in  the  scarlatinal  cadaver.  In  the  Twenty- 
ninth  Report  the  result  of  his  detailed  inquiry  into  this  matter, 
based  on  examination  of  material  from  fifty-six  sources,  in  ten  fatal 
cases  of  the  disease,  is  given.  He  made  careful  comparison  of  the 
characters  (1)  of  the  Streptococcus  scarlatinee.  or  conglovieratus  obtain- 
able from  mild  forms  of  scarlatinal  sore  throat,  (2)  of  the  same 
organism  after  passage  through  the  mouse,  and  (3)  of  the  streptococcus 
which  is  found  to  be  the  predominant  organism  in  the  scarlatinal 
cadaver.  He  concluded  that  it  is  highly  probable  the  last-named 
streptococcus  is  in  all  cases  a  modified  form  of  Streptococcus  scarlatina 
or  conrjlomeratus.  Incidentally,  certain  characteristics  of  the  Strep- 
tococcus scarlatinve.  were  noted  by  Mervyn  Gordon,  wlio  found  that 
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it  does  not  always  clot  milk,  and  that  it  shows  a  tendency  to  develop 
bacillary  elements  which  at  times  resemble  forms  of  the  diphtheria 
bacillus.  After  passage  through  the  mouse,  the  growth,  in  agar 
condensation  fluid,  customarily  manifested  an  arrangement  which 
was  compared  to  that  of  "  lacework,"  and,  in  some  instances,  colonies 
derived  from  the  organs  of  mice  were  found  to  consist  exclusively 
of  bacillary  forms.  This  Bacilhts  conglomerate"  as  he  terms  it, 
Mervyn  Gordon  regards  as  merely  a  different  phase,  or,  in 
botanical  language,  a  "  sport,"  of  Streptococcus  conglomeratus. 

Diphtheria.— In  1878  an  outbreak  of  diphtheria  in  Ealburn 
and  St.  John's  Wood  was  shown  by  Power  to  be  due  to  milk, 
and  "it  was  possible  to  assert  that  none  of  the  agencies  by  which 
milk,  after  being  taken  from  the  cow,  may  become  infective  could, 
with  any  shadow  of  probability,  have  been  in  operation."  In  fact, 
already  at  this  date  the  question  of  "  risk  from  specific  fouling  of 
milk  by  particular  cows  suffering,  whether  recognised  or  not,  from 
specific  disease,"  was  seen  to  be  arising.  In  Ernest  Hart's  paper  of 
1881,  seven  outbreaks  of  milk-borne  diphtheria  and  allied  throat 
ailments  were  referred  to,  and  in  his  later  Report  of  1897  the 
facts  concerning  fifteen  further  outbreaks  were  given.  The  acquire- 
ment by  milk  of  the  ability  to  communicate  diphtheria  has  been 
attributed,  as  in  the  case  of  the  diseases  already  referred  to,  either 
to  storage  amid  insanitary  surroundings  and  particularly  to  con- 
tamination by  drain  effluvia,  or  to  specific  pollution  from  an 
antecedent  case  of  diphtheria  affecting  one  of  the  persons  engaged 
in  connection  with  the  milk  business. 

■  In  an  inquiry  in  1883  at  Hendon,  the  fact  that  the  implicated 
milk  was  found  to  be  "  ropy  "  was  noted  by  Power ;  and  in  a  milk- 
borne  outbreak  at  York  Town  and  Camberley,  in  1886,  the  same 
observer  found  that  two  cows  presented  chaps  on  their  teats, 
and  subsequently  one  cow  which  had  suffered  in  this  way 
developed  a  "scab  or  crust,  not  unlike  those  which,  at  a  later 
stage  of  their  malady,  had  been  observed  to  replace  ulcers  on  the 
udders  of  certain  Hendon  cows."  At  Barking,  in  1888,  and  at 
Croydon,  in  1890,  contagious  eruptive  disease  of  the  teats  and  udders 
of  cows  was  found  associated 'with  spread  of  diphtheria  to  persons 
consuming  milk  derived  from  these  animals.  Klein  found,  in  1890 
and  1891,  that  inoculation  of  the  diphtheria  bacillus  under  the  skin 
of  the  shoulder  of  newly-calved  cows  was  followed,  in  one  instance, 
by  the  appearance  of  a  papular  eruption  on  the  udder  and  one 
t^at;  vesicles  and,  later,  crusts  were  developed,  and  visceral 
changes,  corresponding  to  those  produced  by  inoculation  of  the 
diphtheria  bacillus  in  the  cat,  were  also  observed;  finally,  the 
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presence  of  the  diphtheria  iDacillus  was  demonstrated  in  the  milk  of 
the  affected  cow. 

In  the  York  Town  and  Camberley  outbreak,  Power  noted  the 
fact  that  the  disease  particularly  aff'ected  the  better-class  customers, 
and  a  similar  phenomenon  has  since  been  observed  in  outbreaks 
of  scarlet  fever,  and  is  no  doubt  attributable,  to  quote  Power's 
conclusions,  to  "diflference  of  amount  (and  related  difference  of 
use,  and  diff'erence  of  conservation)  of  milk  distributed "  among 
better-class  and  poorer  customers. 

There  are  certain  peculiarities  of  milk-epidemics  of  enteric  fever, 
scarlet  fever  and  diphtheria,  which  are  deserving  of  note ;  in  the 
first  place,  the  outbreak  is  usually  sudden  in  its  appearance,  the 
persons  attacked  developing  symptoms  almost  simultaneously,  thus 
precluding  the  possibility  of  attributing  any  considerable  proportion 
of  cases  to  direct  infection  from  earlier  cases.  Again,  multiple  house 
invasions  are  of  common  occurrence.  Further,  it  is  usually  found  that 
the  households  in  which  large  quantities  of  milk  are  consumed  suff'er 
to  a  disproportionate  extent,  and  in  cases  in  which  milk  is  stored  or 
kept  overnight,  there  seems  to  be  greater  liability  to  attack ;  persons 
who  only  take  milk  in  tea  or  coff'ee,  or  who  are  in  the  habit  of  boiling 
the  milk  before  using  it,  have,  moreover,  been  found  to  escape. 
Again,  the  incidence  of  the  disease  is  greater  upon  young  children 
and  women  than  upon  men.  Finally,  in  some  milk  outbreaks,  the 
disease  produced  has  been  found  to  present  certain  peculiarities  as 
regards  its  symptoms  (this  matter  has  already  been  referred  to),  the 
infective  power  of  the  disease  (from  person  to  person)  has  been 
said  to  be  comparatively  slight,  and  the  mortality  observed  has 
been  usually  low. 

Cholera. — This  disease,  like  enteric  fever,  scarlet  fever,  and 
diphtheria,  is  capable  of  being  spread  by  milk.  The  fact  was 
demonstrated  by  Simpson  in  the  case  of  an  outbz-eak  of  cholera  on 
board  the  ship  Ardenclutha,  lying  off"  the  port  of  Calcutta.  The 
implicated  milk  in  this  case  was  found  to  be  diluted  with  water 
derived  from  a  tank  to  which  the  cholera  poison  had  obtained 
access. 

Tuberculosis. — There  are  certain  considerations  which  suggest 
that  milk  may  be  an  important  agent  in  the  conveyance  of  the 
infection  of  tubercle.  On  the  one  hand,  bovine  tuberculosis  is  a 
common  disease,  and  milch  cows  are  specially  subject  to  attack ; 
and  on  the  other,  the  mortality  of  children  under  five  years  of  age 
from  tabes  mesenterica  has  not  shown  noteworthy  diminution  during 
recent  years,  despite  the  fact  that  the  number  of  deaths  ascribed  to 
tubercle  of  the  lungs  has  undergone  marked  abatement.    "  Tabes 
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mesenterica,"  as  used  in  death  records,  is,  no  doubt,  a  very  indefi- 
nite term,  but  it  probably,  "more  than  any  other,  represents 
tuberculosis  in  infancy."  Failure  of  noteworthy  diminution  in 
the  number  of  deaths  attributed  to  this  disease  has  coincided,  it  lias 
been  further  observed,  in  point  of  time,  with  a  large  increase  in  the 
consumption  of  milk.    It  may  be  noted  that  among  children  aged 

0  1  the  death-rate  from  tabes  mesenterica  has  actually  increased 

during  recent  years. 

The  conclusion  arrived  at  by  the  Royal  Commission  of  1895  was 
that,  no  doubt,  the  largest  part  of  the  tuberculosis  which  man 
obtains  through  his  food  is  derived  from  milk  containing  tuberculous 
matter.  The  Royal  Commissioners  of  1898  reported  that  it  was  not 
proved  "  that  tubercle  bacilli  had  ever  been  detected  in  milk,  unless 
drawn  from  a  cow  with  tuberculosis  of  the  mammary  glands."  The 
Commissioners  recommended  that  notification  of  every  disease  of  the 
udder  should  be  made  compulsory,  and  that  powers  should  be  given 
to  local  authorities  to  slaughter  animals  afi"ected  with  tuberculosis  of 
the  udder,  and  to  take  samples  of  milk  sold  in  their  districts  and 
make  analysis  of  the  same.  The  Dairies,  Cowsheds,  and  Milkshops 
Order  of  1899  extended  the  definition  of  disease  so  as  to  include 
"such  disease  of  the  udder  as  shall  be  certified  by  a  veterinary 
surgeon  to  be  tubercular,"  the  effect  of  this  extension  being  that 
milk  derived  from  a  cow  affected  with  tubercular  disease  of  the 
udder  is  prohibited  from  being  mixed  with  other  milk,  or  being 
sold  or  used  for  human  food. 

Examination  of  the  cows  in  London  cowsheds,  made  on  behalf  of 
the  London  County  Council,  in  1899,  showed  that,  out  of  a  total 
number  of  5,U4  cows,  seven  were  affected  with  what  appeared 
clinically  to  be  tubercular  disease  of  the  udder,  while  five  other 
cases  were  regarded  as  suspicious.  Similar  examinations  were  insti- 
tuted in  1900  and  1901.  Six  inquiries  in  all  were  made,  upwards 
of  4  000  cows  being  dealt  with  in  each  instance.  The  cows  found 
to  be  afi-ected  with  tubercular  disease  of  the  udder  numbered 
6,  8,  6,  4,  6,  and  4,  moreover  4,  6,  10,  8,  4,  and  3  other  cows  were 
classed  in  the  six  successive  inquiries  as  suspected  cases  of  tuber- 
cular disease  of  the  udder.  Hope  showed,  so  far  as  Liverpool  was 
concerned,  that  samples  of  country  milk  manifested  ability  to  pro- 
duce tubercle  more  than  twice  as  frequently  as  did  samples  froni 
the  town  (where  proper  inspections  are  carried  out).  Thus,  of  312 
town  samples,  nineteen,  or  6  per  cent.,  while  of  ninety-five  country 
samples,  fourteen,  or  14-7  per  cent.,  were  found  to  be  infected. 
Again  Warry  reported  that  seventeen,  or  22  per  cent.,  of  seventy- 
seven  samples  taken  from  milksliops  in  Hackney,  contained  virulent 
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tubercle  bacilli,  while  only  one  udder  clinically  affected  with  tubercle 
was  discovered  in  all  the  cowshed  premises  in  the  same  parish. 
Examination,  made  by  Klein,  in  1900,  of  ninety-eight  samples  of 
countr}^  milk  coming  into  London,  showed  that  in  seven  virulent 
tubercle  bacilli  Avere  present. 

Koch,  in  a  paper  read  before  the  British  Congress  on  Tuberculosis 
in  1901,  expressed  the  view  that  the  extent  to  which  infection  is 
transmissible  to  man,  by  the  milk  and  flesh  of  tubercular  cattle  and 
the  butter  made  from  such  milk,  is  so  inconsiderable  as  to  make  it 
not  advisable  to  adopt  any  measures  of  prevention.  In  conjunc- 
tion with  Professor  Schiitz,  Koch  had  attempted  to  infect  nineteen 
young  cattle,  which  had  stood  the  tuberculin  test,  with  sputum  and 
with  pure  cultures  of  tubercle  bacilli  of  human  origin.  The  animals 
were  found  absolutely  insusceptible,  though  the  result  was  entirely 
different  when  similar  experiments  were  made  with  tubercle  bacilli 
of  bovine  origin.  Koch,  therefore,  felt  justified  in  maintaining  that 
human  tuberculosis  could  not  be  transmitted  to  cattle.* 

The  converse  proposition,  relating  to  the  susceptibility  of  man 
to  bovine  tuberculosis,  does  not,  Koch  says,  admit  of  a  direct 
answer.  He,  however,  premises  that  it  can  only  be  assumed  witli 
certainty  that  tuberculosis  has  been  caused  by  food  when  the 
intestine  suffers  first — i.e.,  when  a  so-called  primary  tuberculosis  of 
the  intestine  is  found.  Such  cases  are  admittedly  extremely  rare, 
but  there  is  difference  of  opinion  with  regard  to  the  significance  of 
this  fact.  Sidney  Martin  had  already  noted  in  1895  the  absence  of 
any  lesion  in  the  alimentary  tract  in  the  tuberculosis  resulting 
from  feeding  pigs  Avith  the  meat  and  milk  of  tuberculous  cows. 
(Report  of  Royal  Commission,  appendix  3,  pp.  18,  19.)  Lister  has 
pointed  out  that  the  intestinal  mucous  membrane  is  by  no  means 
a  favourable  site  for  the  development  of  tubercle  bacilli,  inasmucli 
as  only  about  two-thirds  of  the  bodies  of  those  who  have  died  of 
pulmonary  tuberculosis  present  tubercular  lesions  in  the  intestines. 
As  bronchial  mucus  must  be  perpetually  swallowed  in  such  cases 
for  months  or  years,  the  extent  to  which  the  intestinal  mucous 
membrane  escapes  being  involved  is  remarkable.  In  the  cliild. 
Lister  says,  "the  intestinal  mucous  membrane  seems  to  allow  tlie 
bacilli  to  pass  through  it  more  readily  than  in  the  adult;  but, 
even  in  a  young  child,  pathologists  seem  agreed  that  pulmonary 

*  In  the  case  of  swine  fed  daily  for  three  months  with  tubercular 
sputum,  no  traces  of  tuberculosis  were  found  beyond  a  few  nodules  in  the 
lymphatic  glands  of  the  neck,  and  in  one  instance  a  few  grey  nodules  in  the 
lungs.  On  the  other  hand,  tubercle  of  bovine  origin  produced  conspicuous 
results. 
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tubercle  is  much  more  common  than  tabes  mesenterica.  The  fact 
that  tubercle  bacilli  of  bovine  origin  are  virulent  in  very  diverse 
species  of  animals,  has  been  held  to  render  it  likely  that  they  are 
also  dangerous  to  man.  Finally  it  remains  to  note  that  tuberculin 
produces  a  specific  reaction  in  tuberculous  cattle,  whether  human 
or  bovine  tubercle  bacilli  have  been  used  in  its  preparation. 

A  Royal  Commission  was  appointed  at  the  close  of  1901  to 
inquire  further  as  to  the  transmissibility  of  tuberculosis  from 
animals  to  man,  and  from  man  to  cattle.  Meanwhile,  on  Sep- 
tember 6th,  1901,  a  circular  letter  was  addressed  by  the  Local 
GoA'ernment  Board  to  sanitary  authorities,  urging  that  there  should 
be  no  relaxation  in  the  efforts  made  to  deal  with  milk  from  cows 
suffering  from  tubercular  disease  of  the  udder,  and  Avith  meat 
derived  from  animals  affected  with  tuberculosis.  The  Board 
further  call  attention  as  regards  the  latter  to  the  principles  laid 
down  by  the  Royal  Commission  {See  p.  188);  they  note,  more 
over,  that  special  qualifications  should  be  possessed  by  meat  in- 
spectors, and  point  out  that  in  any  case  of  doubt  the  inspector 
should  obtain  the  advice  of  the  medical  officer  of  health. 

Diarrhoea  — Outbreaks  of  diarrhoea  have  from  time  to  time  been 
attributed  to  the  use  of  milk.  In  the  follo^ving  instances  question 
was  raised  as  to  a  particular  organism  being  at  fault. 

On  the  night  of  Sunday,  October  27th,  1895,  a  sudden  outbreak 
of  diarrhoea  occurred,  affecting  fifty-nine  in-patients,  at  St.  Bartholo- 
mew's Hospital.  It  was  found  by  Andrewes  that  every  person 
attacked  had  recently  partaken  of  milk,  and  no  difi'erence  was 
observed  corresponding  with  use  of  milk  in  the  boiled  or  unboiled 
condition.  In  specimens  of  the  evacuations  of  patients  large  num- 
bers of  oval  glistening  spores  were  seen,  and  Klein  succeeded,  by 
making  anaerobic  cultures,  in  isolating  the  organism,  an  anaerobic 
bacillus,  from  which  these  spores  Avere  developed.  This  bacillus 
somewhat  closely  resembled,  in  many  respects,  Koch's  bacillus  of 
malignant  oedema,  but  was  distinguishable  from  it  by  certain 
morphological  and  cultural  features.  In  many  of  its  characteristics 
it  resembled  Botkin's  Bacilhos  butyricus,  but,  unlike  that  organism, 
it  had  marked  pathogenic  action  on  guinea-pigs.  Klein  called  the 
organism  "  Bacillus  enteritidis  sporogenes."  It  was  isolated  from  a 
sample  of  milk  obtained  from  the  source  from  which  the  supply  of 
the  persons  suffering  from  diarrhoea  had  been  derived.  Later 
researches  showed,  however,  that  "milk  as  sold  retail  in  this 
country  is  apt  to  contain  spores  of  the  bacillus."  It  was  further 
found  by  Klein  that  the  same  spores  were  readily  demonstrable  in 
cases  of  cholera  nostras,  and  also  in  acute  diarrhwa. 
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On  Sunday,  March  6th,  1898,  a  second  outbreak  of  severe 
diarrhcea,  affecting  146  patients,  occurred  at  St.  Bartholomew's 
Hospital,  and  again  tliere  was  reason  for  suspecting  that  milk  was 
tlie  infecting  medium.  Again,  too,  the  rods  and  spores  of  Bacillus 
evteritidis  sporogenes  were  found  to  be  abundantly  present  in  the 
stools  of  affected  persons.  Klein,  as  the  result  of  further  study 
of  the  organism,  was  able  to  show  that  it  inhabits,  albeit  sparsely, 
the  human  intestine  in  liealth,  as  well  as  in  disease. 

A  third  outbreak  of  diarrhoea  occurred  at  St.  Bartholomew's 
Hospital  on  August  5th,  1898,  affecting  eighty-four  patients  and 
two  nurses,  and  Andrewes  showed  that  the  vehicle  of  infectior 
in  this  instance  was  rice  pudding,  made  with  milk.  The  tempera- 
ture attained  in  baking  the  pudding  he  found  did  not  exceecf 
98'^  C,  and  in  many  parts  of  the  pudding  a  range  of  90"  to 
92"  C.  was  obtained.  Large  bacilli  resembling  Bacillios  enteritidis 
sporogenes  were  present  in  a  sample  of  the  pudding,  and  on  making 
cultures  and  inoculation  experiments  in  guinea-pigs  it  Avas  found 
to  be  "  reasonably  certain  that  the  bacilli  which  were,  microscopi- 
cally, present  in  the  rice  pudding  "  belonged  to  this  species. 

In  each  of  these  outbreaks  a  definite  incubation  period  Avas 
observed,  suggesting  a  bacterial  infection  rather  than  a  chemical 
poisoning.  '  If  this  infection  were  indeed  due  to  the  widely  distributed 
saprophyte  in  question,  it  seems  clear  that  its  power  of  causing 
mischief  must  have  resulted  from  the  existence  of  special  conditions 
whicli  led  to  its  virulence  being  enhanced.  What  these  conditions 
are  has  not  been  hitherto  determined.  The  ability  of  milk,  and, 
curiously  enougli,  of  milk  after  being  cooked  in  the  process  of 
baking  rice  pudding,  to  act  as  an  infecting  agent,  seems,  however,  tc 
have  been  clearly  established  by  these  outbreaks. 

Butter. — The  Sale  of  Butter  Regulations,  1902,  of  the  Board 
of  Agriculture,  prescribe  that  if  the  proportion  of  water  in  a  sample 
exceeds  16  per  cent,  it  shall  be  presumed  that  the  butter  is  not 
genuine.  The  admixture  of  foreign  fat  is  detected — by  testing  the 
specific  gravity  (that  of  pure  butter  fat  is  rarely  below  910,  that 
of  margarine  rarely  above  904)  ;  by  determining  the  melting 
point  of  the  fat,  after  separation  from  the  casein  (butter  fat 
melts,  as  a  rule,  at  88'" — 91°  F.,  but  the  melting  point  of  margarine 
is  rarely  above  82°  F.) ;  by  estimating  the  amount  of  the  insoluble 
fatty  acids  (these  should  not  exceed  89-5  per  cent.,  while  in  animal 
fats  they  are  generally  about  95  per  cent.) ;  and  by  determining 
the  amount  of  the  soluble  volatile  fatty  acids,  butyric,  caproic, 
■■md  caprylic  acids  (this  is  rarely  less  than  5  per  cent,  of 
tlie  total  weight  in  butter  fat,  rarely  more  tlian  |  per  cent,  in 
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margarine).  A  furtlier  valuable  test  is  that  known  as  the  iodine 
absorption  test,  the  amount  of  iodine  absorbed  being  less  in  the  case 
of  pure  butter  than  in  that  of  animal  fats,  and  far  less  than  in  tlie 
vegetable  oils  sometimes  used  as  adulterants.  Butter  was  shown 
by  Shirley  Murphy  to  have  been,  in  all  probability,  the  infecting 
agent  in  an  outbreak  of  diarrhoea  which  occurred  in  a  large  hospital. 
It  appears,  too,  that  butter  at  times  contains  tyrotoxicon.  BacilU 
closely  resembling,  if  not  identical  witli,  tubercle  bacilli,  have, 
moreover,  been  detected  in  butter. 

Cheese.  Tyrotoxicon  lias  been  shown  to  be  present  in  cheese, 

and  also  in  milk,  cream,  and  butter.    (For  the  test  employed,  see 
p   194.)    Vaughan  isolated  this  substance,  Avhich  he  regarded  as 
a"  diazo-benzene-butyrate,  from  cheese  wliich  gave  rise  to  illness, 
affecting  in  all  some  300  persons,  in  Michigan,  in  1883  and  1884. 
Outbreaks  of  cheese  poisoning  occurred  in  various  parts  of  London 
in  1901,  which  were  traced  to  the  use  of  Dutch  cheese.  In 
Finsbury,  seventeen  cases  were  heard  of,  and  it  was  ascertained 
that  tyrotoxicon  was  present  in  samples  of  the  implicated  cheese 
(Newman,  Puhlic  Health,  January,  1902.)    The  eflfects  produced 
by  tyrotoxicon  are  in  the  main  gastro-intestinal  disturbance,  to- 
gether with,  in  some  instances,  symptoms  somewhat  resembling 
those  of  atropine  poisoning. 

Preserved  Foods.— Meat  is  preserved  by  freezing,  by  salting, 
and  by  drying;  milk  by  concentration  and  the  addition  of  sugar ; 
vegetables  and  fruits  by  drying.    Meat  is  also  preserved  by  heating 
it  in  tins,  which  are,  after  exclusion  of  air,  hermetically  sealed. 
The  tins  under  such  circumstances  usually  present,  by  reason  of  the 
vacuum  produced,  concave  upper  and  lower  surfaces.  Sonietimes 
putrefaction  occurs  in  the  contents  of  such  tins,  which  become 
"blown"  as  result  of  growth  of  bacteria  and  accumulation  of  gas 
consequent  upon  their  development.    In  some  instances  blown  tins 
have  been  punctured  in  order  to  allow  the  gas  to  escape  and  the 
aperture  has  been  subsequently  closed  by  apphcation  of  solder.  The 
consumption  of  the  contents  of  tins  which  have  been  dealt  with  m 
this  way  is,  of  course,  attended  with  serious  risk. 

It  has  been,  occasionally,  found  that  metallic  impurity  has  been 
taken  up  by  food  preserved  in  tins.  Tlie  presence  of  tin  sulphide 
has  been  demonstrated  in  tinned  foods,  in  some  instances,  and  m 
others  lead  has  been  found  ;  when  vinegar  is  used,  as  in  pickles, 
fish,  etc.,  there  is  special  risk  of  metallic  impurity  being  t«ken  up 
Tinned  vegetables,  and  particularly  peas,  are  sometimes  coloured 
green  by  exposing  them  to  the  action  of  sulphate  of  copper.  It 
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has  been  alleged  that  an  insoluble  compound  of  the  copper  and  the 
legumen  of  the  peas  is  thus  produced,  and  tliat  no  harm  is,  there- 
fore, likely  to  result  in  connection  with  tliis  practice ;  on  the  other 
hand,  it  has  been  maintained  that  tlie  albuminate  of  copper  wliich 
is  formed  may  be  rendered  soluble  by  the  digestive  juices. 

Shellfish. — The  notion  has  for  some  years  been  here  and  there 
entertained  that  certain  forms  of  shellfisli,  and  notably  oysters,  may 
act  as  a  medium  for  transmitting  the  poison  of  enteric  fever.  In 
connection,  moreover,  with  cholera  prevalences  in  tJiis  country  in 
1893,  shellfish  from  Cleethorpes  and  Grimsby  fell  under  suspicion 
of  having  served  to  spread  that  disease.    Sir  Wm.  Broadbent  in 
1895  expressed  the  opinion  that  the  evidence  of  communication  of 
enteric  fever  by  means  of  oysters  was  "of  such  a  character  as  to 
produce  conviction"  in  his  mind.    In  the  preceding  year  an  out- 
break of  enteric  fever   had   occurred   at  Wesleyan  University, 
Middletown,  Connecticut,  in  which  the  circumstances  were  such 
as  to  make  it  quite  clear  that  oysters  were  at  fault,  and  the  report 
of  Professor  Conn  upon  that  outbreak  was  received  in  England  at 
about  the  same  date   as   that  on  wliich  Sir  Wm.  Broadbent's 
announcement  Avas  made.    Since  that  time  other  instances  of  con- 
veyance of  the  infection  of  enteric  fever  by  oysters  have  been 
recorded;  a  case  reported  by  Chantemesse,  in  which  the  contents 
•of  a  barrel  of  oysters  were  eaten  by  fourteen  persons  at  Saint 
Andre  in  Herault,  may  be  particularly  referred  to — all  fourteen 
persons  became  ill  and  manifested  gastro-intestinal  symptoms,  and 
in  two  instances  Avell-marked  enteric  fever,  which  ended  fatally,  Avas 
<leveloped.    The  following  particulars  concerning  the  Connecticut 
outbreak,  Avhich  was  one  of  special  interest,  may  be  given. 

Between  October  20th  and  November  9th,  1894,  twenty-five  cases 
■of  sickness  developed  among  the  students  at  Wesleyan  University. 
Of  these  twenty-three  were  diagnosed  as  enteric  fever,  thirteen  proved 
to  be  severe  cases  of  the  disease,  and  four  deaths  occurred.  Investiga- 
tion of  the  water,  milk,  ice,  and  ice-cream,  supplied  to  the  students, 
failed  to  throw  any  light  on  the  cause  of  the  outbreak,  and  no 
defects  of  drainage  or  plumbing  arrangements  were  discoverable 
which  could  be  held  accountable  for  it.  The  lady  students  entirely 
escaped.  As  regards  the  men,  it  was  noted  that  those  who  belonged 
to  three  of  the  seven  "  college  fraternities "  (wliich  included  among 
their  members  most  of  the  students)  had]especially  sufiered  ;  indeed, 
of  the  twenty-three  patients  all  but  three  belonged  to  those  three 
fraternities.  No  drainage  defects  Avere  discoverable  in  the  club- 
houses belonging  to  the  three  fraternities,  and  careful  inquiry  into 
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the  ordinary  food  supplies  provided  at  these  club-houses  elicited  no 
clue  to  the  origin  of  the  disease.  It  was  found,  however,  tliat  on 
October  12th  suppers  were  given  by  each  fraternity,  on  tlie  occasion 
of  certain  "  society  initiations,"  and  one  of  the  three  patients  who 
did  not  belong  to  any  of  the  fraternities  specially  attacked  had 
attended  the  initiation  banquet  held  by  one  of  these  three  clubs. 

Inquiry  concerning  the  articles  of  food  and  drink  supplied  at  the 
suppers  showed  that  "only  one  article  of  food  or  drink  was  used  by 
the  three  societies  which  Mas  not  used  equally  by  the  other  four 
fraternities.    This  article  of  food  was  oysters,  and  they  were  eaten 
raw."    Of  the  other  four  fraternities  two  did  not  eat  oy.sters  at  all, 
one  ate  oysters  obtained  from  a  different  source,  and  the  fourth 
fraternity  derived  oysters  from  the  same  source  as  the  affected 
fraternities,  but  only  used  them  cooked.    Further,  another  of  the 
three  exceptional  cases  referred  to  above*  was  accounted  for  on 
the  hypothesis  that  the  oysters  were  at  fault :  this  patient  had,  in 
fact,  partaken  of  the  implicated  oysters,  for  though  he  had  not 
eaten  them  at  an  initiation  banquet,  it  transpired  that  he  had  pur- 
chased some  belonging  to  the  same  batch  from  a  dealer  m  the 
town      Six  cases  of  enteric  fever  were  later  traced  among  visitoi-s 
who  had  partaken  of  oysters  at  the  three  initiation  suppers,  and 
yet  another  attack  was  heard  of  as  having  affected  a  person  who 
had  obtained  oysters  in  town  from  the  dealer  who  had  supplied 
tlie  fraternities  involved  in  tlie  outbreak. 

On  making  investigation  concerning  the  implicated  oysters,  it  was 
found  that  they  came  from  a  creek  "where  they  had  been  allowed 
to  fatten,  for  a  day  or  more,  within  300  ft.  of  the  outlet  of  a 
private  sewer,  and  in  such  a  position  as  to  make  contamination  from 
^he  sewer  a  possibility.    At  the  time  when  the  oysters  were  thus 
deposited,  there  were  two  persons  in  the  house  supplying  he  se^^e. 
;!^fo  wer;  in  the  incubation  period  of  typhoid  fever,  the  penod 
during  which  no  attention  would  be  paid  to  their  excreta  It 
was,  further,  found  that  .ome  of  the  oy^^ers  from  th.  ^^^^^^^^^^ 
been  sent  to  Amherst  College,  and  inquiry  showed  that  of  se^  en 
cases  of  enteric  fever  which  had  occurred  among  students  at  that 
+t.tion  in  five  there  was  a  history  of  having  partaken  of  the 
;;trs    n    ue^i:n    L  October  ISth^  the  date  of  the  initiation 
Xpers  at  Wesleyan  College.    As  Professor  Conn,  who  reported  o 
hese  facts,  remarked,  they  show  that  "the  public  health  is  placed 
n  Teopardy  when  oyster  dealers,  for  the  sake  of  producing  plumpness. 


*  The  cause  of  illness  in  the  third  case  could  not  be  t^^^ed^  ^'^^ 
.ome^oult  howcver,  as  to  whether  the  case  was  one  of  enteric  fever. 


• 


FOOD. 


213 


place  oysters  in  the  mouths  of  freshwater  creeks  in  close  proximity 
to  sewers."  * 

An  exliaustive  inquiry  was  made  by  Bulstrode   concerning  the 
extent  to  wliicli  oyster  layings  in  this  country  were  subject  to  risk 
of  sewage  contamination;  his  report  appeared  as  a  supplement  to 
the  report  of  the  Medical  Officer  of  the  Local  Government  Board 
for  1894-5.    In  the  ^ame  volume  were  also  published  Klein's  ob- 
servations upon  tlie  viability,  in  sea-water,  of  the  typhoid  bacillus 
and  of  Koch's  vibrio,  and  upon  the  phenomena  observed  when 
oysters  are  brouglit  into  relation  with  the  organisms  named.  Briefly 
stated,  Klein's  conclusions  were  that  both  organisms  remain  viable 
in  sea- water  for  upwards  of  a  fortnight,  "  the  typhoid  bacillus 
retaining  its  characteristics  unimpaired,  whilst  the  cholera  vibrio 
tends  to  lose  them";  that  typical  typhoid  bacilli  were  recover- 
able from  oysters,  wliicli  had  been  kept  in  sea-water  infected  with 
these  organisms,  as  late  as  the  seveuteentli  day,  but  that  Koch's 
vibrio  appeared  to  undergo  definite  modification,  within  the  shell 
contents,  even  more  rapidly  than  had  already  been  found  to  be  the 
case  when  this  microbe  was  kept  in  sea-water  in  which  oysters  had 
been  placed ;  furthermore,  in  one  instance  an  oyster,  obtained  from 
a  source  exposed  to  risk  of  sewage  contamination,  was  found  to 
contain  the  typhoid  bacillus. 

Bulstrode's  report  contains  information  concerning  other  forms 
of  shellfish.  To  the  mussel  attention  was  particularly  directed :  it, 
like  the  oyster,  is  sometimes  eaten  uncooked ;  mussels  are,  however, 
usually  subjected  to  a  cooking  process ;  periwinkles  and  cockles 
appear  to  be  almost  always  cooked.  It  is  doubtful  whether,  in 
"cooking,"  the  temperature  attained  is  sufiicient  to  ensure  the 
destruction  of  the  micro-organisms  of  enteric  fever  or  cholera,  should 
they  chance  to  be  present.  M.  K.  Robinson,  as  long  ago  as  1883, 
in  commenting  upon  two  cases  of  enteric  fever,  laid  stress  on  the 
fact  that  tlie  pei'sons  attacked  had  consumed  mussels  procured  from 
the  neighbourhood  of  the  Eamsgate  sewer  outfall.  At  Teignmouth 
suspicion  was  excited,  in  1894,  with  regai-d  to  cockles  or  mussels 
obtained  from  the  neighbourhood  of  the  outfall  drain  of  an 
infectious  diseases  hospital.  Question  arose,  too,  in  1895,  with 
respect  to  nnissel  beds,  in  tlie  river  Blyth  in  Nortlnimberland, 
.situated  in  dangerous  proximity  to  tlie  sewer  of  an  isolation 
liospital.  Again,  Newsholme,  as  tlie  result  of  inquiry  made  in 
1 K94-5-6  concerning  enteric  fever  at  Brigliton,  was  led  to  suspect 
that  raw  mussels,  procured  from  a  sewage-contaminated  river,  were 
at  fault.  Other  instances  in  whicli  mussels  have  fallen  under  sus- 
picion have  since  been  observed.     Klein  lias  recently  (Annual 
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Report  of  the  Medical  Officer  of  the  Local  Government  Board,  1899 
1900)  made  investigation,  wit*li  regard  to  the   extent  to  which 
cockles,"  obtained  from  areas  on  the  seashore  obviously  polluted  by 
sewage,  retain  in  their  interior  living  microbes  of  sewage,  and,  in 
particular,  as  to  their  ability  to  harbour  living  typhoid  bacilli. 

Under  certain  circumstances  consumers  of  mussels  develop  a  group 
of  symptoms  (diarrha^a,  vomiting,  and  urticaria)  known  as  mussel 
poisoning.   The  phenomenon  has  been  attributed  to  copper  taken  up 
by  the  mussels  from  docks,  ships'  bottoms,  etc.,  to  the  spawn  of  the 
starfish,  to  a  poison  contained  in  the  gills  of  the  mussel,  and  to  a 
small  crustacean  {Pinnotheres  pisvm)  which  is  sometimes  found  in 
the  mussel's  gills.     In  an  outbreak  which  occurred  at  Wilhelms- 
haven,  in  1885,  it  was  found  that  a  toxic  principle  could  be 
extracted  from  the  liver  of  the  implicated  mussels.    Brieger  thus 
isolated  a  ptomaine,  CgHi.NO,,  which  he  termed  mytilotoxine, 
and  which  he  supposed  was  produced  by  a  special  microbe.  This 
ptomaine  is,  at  the  present  time,  generally  supposed  to  be  the 
immediate  cause  of  the  symptoms  of  mussel  poisoning. 

Vegetable  foods  are  the  main  source  from  which  carbo-hydrate 
is  obtained;  very  little  fat  is,  however,  derived  from  them  (oats 
and  maize  contain  a  considerable  quantity  of  fat,  as  also  dp 
some  nuts;  olive  oil,  moreover,  is  an  instance  of  a  vegetable  fat, 
but  fat,  as  a  rule,  is  obtained  from  animal  foods).  Vegetables 
contain  proteid  in  the  form  of  gluten,  the  substance  produced 
when  the  globulin  and  albumose  of  wheat  flour  are  acted  upon  by 
water  ;  legumin  and  conglutin— substances  derived  from  the  prot^ids 
of  the  seeds  of  the  leguminosse— may  also  be  present. 

In  the  case  of  the  seeds  of  the  cereals,  and  of  some  legummous 
plants,  the  outer  coats  are  usually  first  removed,  and  the  remaming 
inner  portions  are  then  converted  into  flour.  This  separation  of  the 
outer  coats  generally  somewhat  lowers  the  percentage  of  prot^id  and 
more  distinctly  lowers  that  of  salts;  the  percentage  of  carbo-hydrate, 
on  the  other  hand,  is  increased.  The  bran  of  wheat  contains  much 
cellulose,  which  cannot  be  digested,  and  is,  moreover,  .svid  to  inter- 
fere with  the  absorption  of  digestible  foods  ;  cellulose  acts,  too,  as 
an  irritant,  stimulating  peristaltic  movement,  and  for  this  reason 
many  persons  cannot  eat  brown  bread  which  cont:uns  it.  ^y 
special  treatment  it  has  been  sought  to  minimise,  as  far  as  possible, 
the  irritating  property  of  the  bran,  and  thus  to  utilise  the  whole 
grain  in  making  flour.  Such  "whole-meal"  flour  yields  a  some- 
what larger  percentage  of  proteid  and  salts  than  ordinary  flour  does, 
but   on  the  other  hand,  it  contains  also  excess  of  cellulose.  The 
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leguminous  seeds  (peas,  beans,  etc.)  contain  some  20  to  25  per  cent, 
of  proteid,  i.e.,  even  more  than  meat,  but  the  vegetable  proteid  is 
found  to  be  less  digestible  than  that  of  flesh.  Certain  "oily  seeds," 
as  tliey  are  termed — the  walnut,  hazel-nut,  almond,  peanut,  etc. — 
contain  almost  as  much  proteid  as  the  pea  and  bean,  and  they  also 
yield  a  large  percentage  of  fat.  These  oily  seeds  are  not,  however, 
easily  digested. 

The  most  important  carbo-hydrate  of  vegetable  foods  is  starch  ; 
sugars,  however,  occur,  e.ff.,  cane  sugar  in  the  sugar-cane  and  grape 
sugar  in  ripe  fruit ;  dextrin  is  present  in  gums,  and  indeed  is  generally 
found  in  small  amount  in  association  with  starch.  Starch  grains  vary 
in  structure  and  size,  according  to  their  origin,  and  study  of  these 
variations  enables  distinction  to  be  made  between  starch  granules 


FIG.  34.  Fig.  35.  FiO.  36. 

Potato  Starch.       Bermuda  Arrowroot  Starch.    St.  Vincent  Arrowroot  Starch. 


derived  from  one  or  other  source,  and  facilitates  the  detection  of 
adulteration.  The  starch  grain,  when  examined  (after  mixing  the 
starch  with  a  drop  of  a  solution  of  glycerine  and  water)  under  a 
magnification  of  about  200  diameters,  is  seen  to  present  a  hilum, 
about  which  more  or  le.ss  distinctly  marked  lamination  is  observed. 


Fici.  FIG.  38. 

Pea  Starch.  Bean  Starch. 


Again,  some  grains  are  of  even  contour,  or  unfacetted,  having  been 
originally  free  in  the  cell  cavity;  others  are  facetted  from  juxta- 
position of  other  grains  in  the  cell  cavity.     These  characters,  taken 
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together  with  ditferences  of  «ize  and  shape,  serve  to  distinguisli 
between  the  several  kinds  of  starch  grain. 

To  the  unfacetted  group,  those  with  even  contour,  belong  potato 
starch,  most  varieties  of  arrowroot,  pea,  bean,  wheat,  barley,  and  rye. 
To  the  group  of  facetted  grains  belong  sago,  tapioca,  Kio  arrowroot, 
rice,  maize,  and  oats. 

The  unfacetted  group  includes  a  sub-group  (potato  starch  and 


Fl(i.  39. 
Barley  Starch. 


Fig.  40. 
Wheat  Starch. 


FIG.  41. 

Eye  Starch,  a.  Crushed  Grain. 


certain  kinds  of  arrowroot),  in  which  the  grain  is  ovoid  in  shape, 
with  excentric  hilum  and  with  marked  lamination.  A  second  sub- 
group (pea  and  bean  starch)  has  oval  grains  with  less  distinctly 
marked  lamination.  A  third  sub-group  (wheat,  barley,  and  rye) 
presents  rounded  grains.     I]i  rye  the  liilum  is  often  star-shaped, 


Fig.  42. 
Sago  Starch. 


FIG.  43. 
Tapioca  Starch. 


and  deeply  fissured.  Wheat  and  barley  are  almost  indistinguisliable 
one  from  another,  but  wheat  contains,  as  a  rule,  mainly  large  and 
small  grains,  witli  but  few  of  intermediate  size,  wliile  barley  has 
numerous  medium-sized  grains. 

The  facetted  starclies  include  a  sub-group  (sago,  tapioca,  maize, 
and  Rio  arrowroot),  with  partially  facetted  grains,  that  is  to  say. 
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eacli  strain  commonly  presents  a  rounded  free  surface  as  well  as  a 
facet  or  facets.  In  another  sub-group  (maize,  oats,  and  rice)  the 
grains  are  described  as  altogetlier  facetted.  Maize  grains  are  much 
larger  tlian  oat  and  rice  grains.  Oat-starch  grains  are  usually 
massed  in  clusters.  Tahiti  arrowroot  resembles  maize,  but  has 
sharper  angles. 

Flour  may  be  adulterated  by  addition  of  potato-star cli,  pea,  bean, 


Fig.  44.  FIS.  45.  Fig.  46. 

Maize  Starch.  Bice  Starch.  Oat  Starch. 


oats,  maize,  rice,  or  barley-starch.  Tlie  last-named  is  the  niost 
diflBcult  to  distiiiguisli  on  microscopic  examination.  '  In  addition, 
however,  to  the  differences  already  mentioned,  it  may  be  noted  that 
the  outer  coats  of  the  barley  grain  are  more  delicate  in  structure 
than  those  of  the  wlieat  grain.  Moreover,  the  outline  of  the  barley 
cells  is  serrated,  Avhile  that  of  the  wheat  cells  is  beaded.  Buck- 
wheat, which  is  sometimes  added  to  flour,  may  also  be  distinguished 
by  the  character  of  the  outer  coats,  and  by  tlie  presence  of  large 
cellulose  spaces  enveloping  the  grains. 

Alum  and  other  mineral  adulterants  may  be  looked  for  if  the 
amount  of  ash  exceeds '2  per  cent,  of  tlie  flour.  On  pouring  a  fresh 
decoction  of  logwood  and  some  solution  bf  ammonium  carbonate 
upon  a  piece  of  bread,  a  blue  colour  is  developed  after  the  lapse 
of  some  minutes  if  excess  either  of  alum  or  magnesic  carbonate  be 
present.  The  blue  colour  is  permanent,  on  drying,  to  a  more  marked 
extent  in  the  case  of  alum  than  it  is  in  that  of  magnesic  carbonate. 
With  pure  bread  a  pink  colour  is  yielded,  which  turns  brown  on 
drying.  Pure  bread  may  contain  a  small  amount  of  pliosphate  of 
alumina,  equivalent  to  as  much  as  6  to  10  grains  of  alum  in  tlie 
4-lb.  loaf.  Alum  enters  into  the  composition  of  some  baking 
powders,  and  is  also  added  to  inferior  bread,  Avitli  a  view  to  checking 
fermentative  action ;  tliis  form  of  adulteration  is,  however,  rarely 
practised  at  the  present  time.  It  was  formerly  (juite  common  to 
find  the  equivalent  of  40  grains  of  alum,  or  even  more,  in  the  4-lb. 
loaf,  and   when  administered  in   sucli   quantities  dyspepsia  and 
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constipation  were  found  to  be  associated  with  the  consumption  of 
the  bread. 

The  presence  of  various  fungi  can  sometimes  be  detected  on 
microscopic  examination  of  flour.  Ustilago  carlo  (smut)  forms  a 
black  dusty  powder  in  corn  grains  ;  th(!  spores  are  smooth,  spherical, 
and  light  brown  in  colour.  Tilletia  caries  (canker)  appears  as  a 
moist  black  powder ;  the  spores  are  globular,  with  net-like  ridges. 
Puccinia  graminis  presents  cliaracteristic  teleutospores,  the  appear- 
ance of  which  is  depicted  in  Fig.  47.  Miwor  mucedo,  Peni- 
cillium,  and  Aspergillus  are  also  frequently  found  in  decom- 
posing flour.    The  Acarus  farinx.  (Fig.  48)  is  sometimes  found  in 


Fig.  47. 
Fuccinia  graminis. 


FIG.  48. 
corns  farintv. 


flour,  and  the  weevil,  Calamlra  granaria,  and  the  larvie  of  other 
insects  may  at  times  be  detected.  The  "ear  cockle,"  Vibrio  triticu 
is  a  minute,  worm-like  parasite,  sometimes  found  in  damp  wheat. 


Fig.  49. 

Calandra  granaria. 


Ergotism,  a  condition  accompanied  by  diarrhoea,  vomiting,  and  in 
some  instances  loss  of  sensation,  with  paralysis  and  gangrene  of  the 
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extreuiities,  was  of  common  occurrence  in  the  Middle  Ages,  and  more 
particularly  on  the  Continent,  as  a  result  of  eating  black  bread  made 
from  rye  contaminated  with  ergot.  The  sclerotium  or  permanent 
mycelium,  known  as  ergot,  forms  dark,  horn-like  growths,  which 


Fia.  51. 
ciaviceps  purpurea. 


FIG.  52. 

Clubbed  Heiids  of  Ciaviceps  purpurea,  magniaed 
one  head  cut  through  longitudinally. 

project  beyond  tlie  rye  grains.    If  the  dark 
growth  be  remov  ed  and  placed   under  favour- 
able conditions,  it    sprouts,  forming  whitish 
shoots,   terminating  in   globular   heads  of  a 
purple  colour.    This  growtli  is  termed  Ciaviceps 
purpurp.^f,  and  tlie  clubbed  liead   is  found  on 
section  to  present   the  appearance  sliown  in 
Fig.  52.     At  its  margin  are  numerous  fiask- 
shaped  perithecia,  opening  externally,  each  of 
which  contains  many  fine  transparent  bladders, 
packed  with   needle-like   spores.     The  spores 
when  ripe  are  discharged,  and  if  they  obtain  access  to  the  flower- 
ing rye,  the  sclerotium  (or  ergot)  is  developed  in  it.    Ergotism  is 
of  rare  occurrence  at  the  present  tinu- ;  the  ergot  is  carefully  col- 


Flfi.  50. 
Spike  of  Ergotised  llyi 
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lected  when  it  is  found,  as  its  value  as  a  drug  is  considerable.  It 
is  only  quite  exceptionally  met  with  in  flour. 

Alcoholic  Beverages.— Beer  contains  from  about  3-5  to  7  per 
cent,  of  alcohol.  It  yields,  moreover,  some  5  per  cent,  of  sugar 
and  dextrin,  and  is  thus  capable  of  supplying  carbo-hydrate  m 
appreciable  quantity.  Malt  beers  are  made  by  inducing  yeast- 
fermentation  of  sugar  derived  from  the  starch  of  gram,  by  the 
"malting"  process.  Non-malt  beers  are  obtained  by  fermenting 
glucose,  and  allied  substances,  obtained  by  the  action  of  sulphuric 

acid  upon  starch. 

In  November,  1900,  Reynolds,  of  Manchester,  suggested  that, 
arsenic  contained  iii-  beer  was  the  cause  of  an  outbreak  of  arsemcal 
poisoning  in  that  city.  The  epidemic  was  not  confined  to  Man- 
chester, but,  affected  other  districts  in  LancasHre,  in  StaffordsHre, 
and  elsewhere;  Manchester  and  Salford  were  specially  involved,  and 
in  those  boroughs  at  least  3,000  persons  were  attacked.  A  Royal 
Commission  was  appointed  to  inquire  into  the  matter,  and  m  a 
First  Report,  published  in  1901,  the  Commissioners  state  that  the 
"epidemic  of  sickness  has  been  traced  to  beer  from  particular 
breweries,  the  latter  having  been  users  of  brewing  sugars  supphed 
by  a  single  firm."  In  samples  of  glucose  obtained  from  tins  firm, 
amounts  of  arsenic,  as  arsenious  oxide,  were  found  varying  from 
•008  to  -131  per  cent.  (-56  to  9-17  grains  per  pound);  m  samples  of 
invert  sugar  arsenious  oxide  to  the  extent  of  -02  and  of  r062  per 
cent,  (l-l  and  4-34  grains  per  pound)  was  found. 

The  implicated  brewing  sugars,  it  was  ascertained,  "became  thus 
seriously  contaminated  by  arsenic,  in  course  of  manufacture,  through 
the  use  of  sulphuric  acid  supplied  by  a  single  firm  of  acid 
makers."  The  last-named  firm  did  not  inform  the  imphcated 
makers  of  bremng  sugars,  that  acid  supplied  from  February  to 
November,  1900,  must  have  contained  arsenic,  stating  that  they 
did  not  know  the  purpose  for  which  it  wa§  required;  wMe  the 
manufacturers  receiving  the  acid  were  under  the  impression  that 
they  were  regularly  obtaining  a  pure  acid  made  from  brimstone. 
The  amount  of  arsenic  found  in  implicated  specimens  of  beer 
was,  in  exceptional  cases,  as  high  as  U  grains  per  gallon  (m  one 
case  3  grains  per  gallon  was  detected),  but,  as  a  rule,  tlie  quantity  of 
arsenic  did  not  exceed  1,  or  |,  or  l  of  a  grain  per  gallon,  or  less. 

Many  of  the  sufferers  were  heavy  drinkers  of  beer  ;  but  others 
had  taken  only  quite  moderate  amounts,  and  the  Commissioners 
conclude,  therefore,  that  caution  is  necessary  "in  comparing  the 
effect  of  arsenic  in  small  quantities,  taken  at  irregular  intervals, 
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along  with  beer  and  in  uncertain  relation  to  food,  's\dth  the  effect 
of  its  medicinal  administration  under  medical  supervision."  They 
point  out,  moreover,  that  many  of  those  attacked  presented  symp- 
toms "  hardly,  if  at  all,  to  he  distinguished  from  those  of  alcoholic 
peripheral  neuritis,  which  hitherto  it  has  been  customary  to  asso- 
ciate Avith  the  consumption  of  large  quantities  of  alcohol  by  spirit 
drinkers."  In  Manchester  and  Salford  certain  medical  men  had, 
however,  prior  to  1900,  come  to  regard  this  form  of  disease  as  one 
especially  affecting  beer  drinkers.  Inquiry  was  made  for  the  Com- 
mission as  to  the  existence  of  arsenic  in  beer,  before  the  epidemic, 
and  the  Commissioners  state  that  they  cannot  doubt  that  beer  has 
in  the  past  contained  arsenic,  and  they  add  that,  since  the  epidemic, 
arsenic  has  been  found  in  beers  from  certain  breweries  not  using 
the  implicated  brewing  sugar,  "occasionally  in  quantities  such  as 
_i_  grain  per  gallon,  and  frequentlj'  in   smaller   amounts,  such 

TU^^TUo  grain."  _  . 

Evidence  was  forthcoming  showing  that  arsenic  may  gain  access  to 
beer— by  way  of  brewing  sugars  (in  cases  in  Avlaich  the  mineral  acid 
employed  in  the  manufacture  of  glucose  from  starch,  or  of  "  invert 
sugar "  from  cane  sugar,  has  been  arsenical) ;  by  way  of  malt  (if 
fuel  which  contains  arsenic  be  employed,  material  quantities  of 
arsenic  may  be  deposited  on  malt  in  the  process  of  malting,  and  so 
reach  beer) ;  and  in  other  ways  (by  use  of  chemical  substances 
employed  for  various  purposes). 

The  Commissioners  "  are  not  prepared  to  allow  that  it  would  be 
i-ight  to  declare  any  quantity  of  arsenic,  however  small,  as  admissible 
in  beer  or  in  any  food."  "With  regard  to  beer,  they  recognise  "the 
desirability  of  ultimately  defining,  in  terms  of  a  standard  quantity 
of  beer  and  of  a  standard  test,  a  proportion  of  arsenic  to  be  regarded 
as  altogether  inadmissible,"  but  they  propose  to  institute  further 
inquiry  before  recommending  the  standard  test  which  should  be 
imposed.  "With  regard  to  other  articles  of  food  and  drink,  they 
state  that  they  have  hitherto  found  no  evidence  of  arsenical  contami- 
nation, but  that  they  propose  to  make  further  inquiry  into  the 
matter.  They  recommend  in  the  meantime  that  the  Board  of 
Inland  Revenue  should  possess,  and  should  exercise,  powers  enabling 
them  "  to  specify,  in  detail,  individual  ingredients  of  beer  wliich  are 
liable  from  their  origin,  or  mode  of  preparation,  to  be  contaminated 
by  arsenic ;  to  prescribe  for  every  such  ingredient  and  for  the 
materials  used  in  their  preparation  an  adequate  test,  wliich  should 
ensure  their  freedom  from  arsenic;  and  to  proliibit  under  penalty 
the  use  in  a  brewery  of  any  material  which  infringes  the  prescribed 
test." 
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Beer  lias,  in  some  instances,  been  found  to  take  up  lead  from  the 
vessels  in  whicli  it  has  been  kept,  and  it  has  been  noted  that  persons 
who  habitually  consumed  beer,  which  had  stood  overnight  in  contact 
with  lead  and  had  thus  become  polluted,  were  specially  lialjle  to 
be  attacked.  The  Devonshire  colic,  which  was  shown  by  Sir  George 
Baker  to  be  caused  by  drinking  cider,  was  an  instance  of  lead 
poisoning  on  a  large  scale,  in  which  the  medium  of  conveyance  of 
the  poison  was  an  alcoholic  beverage. 

Wines  contain  from  7  or  8  per  cent,  of  alcohol  (light  wines),  up 
to  as  much  as  17  or  18  per  cent,  (port  and  sherry).  Natural  wines 
made  by  fermenting  grape  juice  do  not,  as  a  rule,  yield  more  than 
12  per  cent. ;  the  wines  with  a  higher  percentage  of  alcohol  are 
fortified  by  addition  of  spirit.  Wines  contain  varying  amounts  of 
sugar;  vegetable  acids,  which  impart  to  wine  its  antiscorbutic 
properties,  are  also  present. 

Spirits  are  manufactured  by  the  process  of  distillation ;  in  the  case 
of  brandy,  fermented  grape  juice  is  used  ;  in  that  of  whisky,  malted 
grain;  in  that  of  gin,  malt  with  addition  of  certain  flavouring 
substances  (juniper  berries,  etc.) ;  and  in  that  of  rum,  molasses  is 
employed.  Spirits  usually  contain  about  50  per  cent,  by  ^veight 
of  alcohol;  rather  less,  as  a  rule,  in  tlie  case  of  gin,  and  rather 
more  in  that  of  rum.  Their  chief  ingredient  is,  of  course,  ethylic 
alcohol ;  variable  amounts  of  the  higher  alcohols,  compound  ethers, 
and  empyreumatic  bodies,  such  as  the  substance  known  as  "  fur- 
furol,"  may  be  also  present.  Some  of  the  harmful  effects  of  alcohol 
are  probably  attributable  to  such  "bye-products."  The  quantity  of 
"  fusel  oil "  (the  name  given  to  the  group  of  higher  alcohols)  should 
not  exceed  -02  per  cent.  Furfurol,  present  in  some  kinds  of  whisky 
to  the  extent  of  about  -005  per  cent.,  is  said  to  be  specially 
deleterious,  but  its  amount  diminishes  as  the  spirit  "mellows "on 

The  abuse  of  alcohol  is  productive  of  degenerative  changes  of  tlie 
stomach,  liver,  and  nervous  tissues,  and  causes  diminished  power  of 
resistance  to  certain  forms  of  acute  disease,  particularly  to 
pneumonia;  the  ability  to  withstand  intense  cold  is  also  found  to 
be  diminished  by  use  of  alcohol.  It  is  said  that  in  moderation  alcoliol 
may  be  taken  without  ill  effect,  and  the  equivalent  of  1  oz.  of  pure 
alcohol  daily,  is  usually  given  as  being  the  amount  which  should  not 
be  exceeded.  Individual  susceptibility,  however,  plays  a  considerable 
part  in  the  matter,  as  in  some  persons,  and  certainly  in  most 
young  people,  this  quantity  of  alcohol  is  productive  of  harm. 
The  immediate  ill  effects  attendant  upon  immoderate  indulgence  m 
alcohol  are  sufficiently  apparent ;  the  extent  to  which  its  habitual 
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use  in  excess,  but  to  a  degree  short  of  causing  complete  loss  of 
control  over  the  higher  nerve  centres  (the  coma  and,  delirium  of  the 
drunkard)  is  responsible  for  degenerative  clianges  in  the  brain  and 
nerves  is,  perhaps,  not  yet  fully  appreciated.  Alcoholic  neuritis 
and  the  connection  between  alcoholic  abuse  and  certain  forms  of 
insanity,  are  subjects  to  which  attention  has  only  been  directed  in 
quite  recent  years.  The  question  as  to  how  far  alcohol  per  se  is 
operative  in  causing  degenerative  kidney  change,  has  been  much 
debated ;  the  relationship  of  the  various  beverages  which  contain 
alcohol  to  gout  is  also  a  subject  on  which  there  have  been  difterences 
of  opinion.  Beer  is  said  to  be  a  great  "  gout  producer."  Beer 
drinkers  tend  to  become  obese,  and  it  may  be  noted  that  beer, 
owing  probably  in  the  main  to  the  "lupulin"  it  contains,  acts  as 
a  depressant  upon  tlie  nervous  system. 


CHAPTER  VT. 


THE  COLLECTION,  REMOVAL,  AND  DISPOSAL  OF  REFQSE. 

The  problems  connected  with  the  collection,  removal,  and  disposal 
of  the  refuse  of  communities  have  received  a  great  deal  of  attention 
in  recent  years ;  not  only  has  there  been  a  gromng  tendency  to 
insist  upon  a  higher  standard  in  such  matters  on  general  grounds— 
the  importance  attached  to  cleanliness,  and  to  the  prevention  of 
offence  to  the  eyes  and  nose,  being  now  far  greater  than  it  was 
a  century  ago— but  there  has  also  been  increased  recognition  of  the 
danger  to  health  which  results,  from  accumulations  of  filth  and  from 
the  adoption  of  faulty  methods  in  connection  with  refuse  disposal ; 
and,  further,  the  collection  of  large  aggregations  of  persons  in  towns 
has  thrown  the  evils  attendant  upon  neglect  into  bolder  relief.  The 
nature  of  the  solution  of  the  problems  in  question  depends,  to  a 
large  extent,  upon  the  character  of  the  material  to  be  dealt  with. 
Refuse  matters  may  be  roughly  divided  into  house  refuse  (ashes  and 
vegetable  and  animal  material),  various  kinds  of  animal  refuse  {e.f,., 
those  associated  with  the  keeping  and  the  slaughtering  of  animals, 
and  with  the  utilisation  of  waste  animal  products),  slops  and  hquid 
refuse,  and  human  excreta. 


I. — House  Refuse. 

Ordinary  London  house  dust  has  been  found  to  contain,  as  a  rule, 
upwards  of  60  per  cent,  of  cinders  and  ashes,  some  20  per  cent,  of 
fine  dust,  4  to  5  per  cent,  of  v  arious  vegetable,  animal,  and  mineral 
matters,  about  4  per  cent,  of  waste  paper,  and  some  3  per  cent,  of 
straw  and  fibrous  material,  while  the  remaining  constituents  comprise 
bottles,  broken  glass,  tins,  crockery,  bones,  rags,  and  scraps  of  n-on. 
Both  the  collection  and  disposal  of  these  materials  were  formerly  al- 
most exclusively  in  the  hands  of  contractors,  who  carted  away  the  dust, 
caused  it  to  be  sorted,  sifted,  and  separated  into  "  hard  core  "  (broken 
crockery,  brickbats,  glass,  old  shoes,  bits  of  rag,  etc.),  «  soft  core  "  (vege- 
table and  animal  refuse),  and  "  breeze  "  (ashes).  The  sorted  materials 
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were  sold  for  Vcarious  purposes,  and  whatever  could  not  be  disposed 
of  was  deposited  upon  land  with  the  object  either  of  raising  the 
natural  level  of  the  ground  for  building  purposes,  or  of  replacing 
gravel  or  sand  which  had  been  previously  excavated  from  the  site. 
In  the  neighbourhood  of  towns  the  combustible  materials  obtained 
from  the  refuse  were,  as  a  rule,  utilised  in  brickmaking. 

Much  annoyance  was  experienced  under  this  system,  in  connection 
both  with  the  collection  and  the  disposal  of  the  refuse.    The  infre- 
quency  of  the  scavengers'  visits  made  it  necessary  to  employ  large 
brick  or  wooden  receptacles  (dust-bins)  for  the  purpose  of  storage, 
and  the  huge  accumulations  of  material  collected  in  these  recep- 
tacles were  apt  to  give  rise  to  considerable  nuisance.     It  is  now 
usual  to  insist,  in  towns,  upon  the  provision  of  pails  of  non-absorbent 
material,  of  Hmited  capacity,  and  furnished  with  covers  so  as  to 
prevent  ram  and  moisture  obtaining  access  to  their  contents;  these 
pai  s  should  be  emptied  at  least  twice  a  week,  and  in  some  places 
daily  removal  is  insisted  upon;  in  summer  time,  especially,  frequent 
removal  of  the  refuse  is  particularly  necessary.    Much  can  be  done 
by  the  householder  in  the  direction  of  preventing  offensive  odours 
arising  from  the  refuse,  if  a  certain  amount  of  care  is  exercised  in 
the  selection  of  the  materials  deposited  in  the  pail;  moist  vegetable 
and  ammal  matter  should  be  burnt  instead  of  being  allowed  to 
undergo  decomposition  in  the  dust  receptacle.     Nuisance  associated 
with  the  removal  of  refuse  can,  moreover,  be  reduced  to  a  consider- 
able extent  by  the  use  of  carts  specially  constructed  for  the  purpose 
provided  with  covers,  and  charged  in  such  a  way  as  to  prevent 
unnecessary  blowing  about  of  dust. 

As  regards  the  subsequent  treatment  of  the  refuse,  the  manipula- 
tion, sorting,  etc.,  formerly  practised  in  contractors'  yards  were 
undoubtedly  most  objectionable,  inasmuch  as  they  affected  preiu- 
dicially  not  only  the  persons  employed,  but  also  people  living  in  the 
neighbourhood  ;  moreover,  nuisance  was  continually  complained  of 
in  connection  with  the  removal  of  material  by  barge  or  by  rail ;  finally 
the  practice  of  "  shooting  "  the  refuse,  on  land,  was  attended  not  only  by 
offence  to, persons  living  near  the  "shoots,"  but  in  cases  where  the 
sites  upon  ^which  it  had  been  deposited  were  afterwards  used  for 
building  purposes,  there  was  serious  risk  to  the  health  of  those 
who  occupied  houses  built  upon  the  polluted  soil.  These  drawbacks 
led  to  experiments  being  made  as  to  the  practicability  of  disposing 
of  house  dust  by  burning;  and  during  recent  years  various  ty pet 
ot  destructor  furnace"  have  been  invented,  some  of  which  dispose 
ot  the  refuse  without  causing  nuisance.  Not  only  is  this  the  case 
but,  m  a  few  instances,  it  has  been  found  possible  to  utilise  the 
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heat  developed  in  tlie  furnaces  for  generating  steani,  and  tlius  to 
obtain  power  for  driving  machinery,  in  connection  with  electric 
lighting  or  other  installations. 

The  appliances  used  are  either  "low  temperature"  or  "  high  tem- 
perature "  destructors.    In  the  former,  in  order  to  prevent  nuisance, 
a  "  cremator  "  is  sometimes  employed  through  which  the  fumes  from 
the  burning  refuse  are  passed,  before  being  allowed  to  escape  into  the 
outer  air.    In  the  high  temperature  destructor,  the  principle  adopted 
has  been  to  place  the  exits,  from  the  furnace  to  the  flue,  at  some 
distance  from  the  point  at  which  the  material  to  be  burnt  is  intro- 
duced, or  otherwise  to  ensure  that  all  fumes  evolved  shall  be 
thoroughly  exposed  to  heat  before  being  allowed  to  escape  from  the 
furnace;  moreover,  a  steam  blast,  or  other  forced  draught,  has 
been  employed  with  great  advantage,  and  a  temperature  of  from 
1,500  to  2,000°  F.  has,  by  these  means,  been  attained;  under  such 
circumstances  a  destructor  can  be  worked  without  producing  any 
nuisance. 

In  high  temperature  furnaces,  ten  tons  and  upwards  of  refuse  can 
be  burnt  in  a  day  by  each  furnace  cell ;  wHle  in  the  low  tempera- 
ture destructors  not  much  more  than  half  this  quantity  can  be 
dealt  with.     The  wear  and  tear  is  greater  in  the  case  of  high 
temperature  destructors,  but  the  increased  efficiency  more  than  com- 
pensates for  this.     The  essential  features,  from  the  point  of  view 
of  nuisance  prevention,   are  that  the  temperature  attained  must 
be  considerable,  and  the  arrangement  adopted  such  that  all  fumes 
evolved  are  exposed  to  great  heat  for  a  sufficiently  long  time  to 
altogether  prevent  the  escape  of  undecomposed  vapour  into  the 
chimney-shaft. 

II. — Animal  Refuse. 

The  method  employed  for  disposing  of  cow-dung,  horse-dung, 
etc.,  is  usually  that  of  applpng  these  materials  to  land  as  manure. 
Great  nuisance  is  caused  when  large  collections  of  dung  have  been 
allowed  to  accumulate,  and  are  then  disturbed  in  the  process  of 
removal.    Dung  receptacles  should  therefore  be  of  limited  capacity, 
and  the  emptying  of  their  contents  should  be  effected  at  frequent 
intervals;  again,  it  is  of  importance  that  they  should  be  constructed 
of  impervious  material  and  protected  from  the  rain,  and  on  no 
account  should  they  be  sunk  below  the  level  of  the  ground  In 
stables  it  has  become  a  common  practice  to  use  absorbent  litter 
sawdust,  peat-moss,  etc.,  with  the  object  of  soaking  up  unne  and 
thus  obviating  the  necessity  of  proA'iding  for  drainage.  Senous 
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nuisance  is  apt  to  be  caused  if  this  plan  is  adopted,  unless  removal 
is  effected  frequently  and  with  due  precautions. 

Bones,  fat,  and  offal  from  slaughter-houses,  other  waste  animal 
products,  and  especially  fish  and  game  offal,  are  apt  to  be  a  source 
of  great  annoyance.  The  scavenging  should  be  carried  out  with 
such  frequency  as  to  ensure  that  decomposition  is  not  far  advanced, 
and  effort  should  be  made,  by  the  use  of  covered  receptacles,  or,  if 
necessary,  of  specially  constructed  tanks,  etc.,  to  prevent  the  escape 
of  eflSuvia.  Offensive  animal  material  and  excrement,  in  places 
where  the  water  carriage  system  is  not  in  force,  are  sometimes  con- 
veyed through  the  streets  at  night  time.  This  practice  is  open  to 
objection,  for  it  is  desirable  that  any  slopping  or  spilling  which 
occurs  should  be  at  once  detected  and  remedied,  and  hence  removal 
in  the  hours  of  daylight  is  indicated ;  it  is,  however,  desirable  that 
a  time  should  be  chosen  when  the  streets  are  not  frequented,  and 
by-laws,  approved  by  the  Local  Government  Board,  usually  specify, 
therefore,  that  the  operations  shall  be  carried  out  in  the  early  hours 
of  the  morning. 

in. — Liquid  Refuse. 

Household  slops,  the  waste-water  from  kitchen  sinks  and  from 
baths,  drainage  from  cowsheds,  stables  and  manufactories,  street 
washings,  and  urine  from  public  urinals,  all  contribute  to  render 
the  liquid  waste  from  communities  eminently  putrescible,  and  as  a 
matter  of  fact  it  is  found  that  the  sewage  from  midden  towns  (in 
which  human  excreta  do  not  obtain  access  to  the  sewers)  does  not 
differ  materially  in  composition  from  the  sewage  of  water-closet 
towns.  The  Rivers  Pollution  Commissioners  (1868)  published  the 
following  table : — 

AVEBAGE  Composition  op  Sewage  ix  parts  pek  100,000. 


Midden  towns 


to  J 

Ti  X 

u  ■ 

•d 

'a 

Total  combined 
nitrogen. 

<i3 

a 

Suspended  matter. 

Total  solii 
solutic 

S  <=> 

cS  x> 
O  u 



o 

a 
a 
< 

o 

3 
o 

o 
c 

•iH 

•r-t 

a 
so 
o 

3 

o 
H 

82-4 
72-2 

4-181 
4-696 

1-  975 

2-  205 

5-  435 

6-  703 

6-  451 

7-  728 

11-54 
10-66 

17-81 
24-18 

21-30 
20-51 

3911 
44-69 

The  Commissioners  found  that  "for  agricultural  purposes  10  tons 
of  average  water-closet  sewage  may  in  round  numbers  be  taken  to  be 
oqual  to  12  tons  of  the  average  sewage  of  midden  towns." 

Considerable  difficulty  is  experienced  in  some  instances  in  dealing 
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with  the  excess  of  liquid  in  the  sewers  at  times  of  heavy  rainfall, 
and  in  countries  where  there  is  much  rain,  and  under  certain  other 
special  circumstances,  the  plan  is  sometimes  adopted  of  disposing 
of  rainwater  and  of  domestic  waste-water  independently  of  one 
another.    Mr.  F.  O.  Ward  invented  the  phrase,  "  The  rainfall  to  the 
river  and  the  sewage  to  the  soil."  In  cases  in  which  a  "separate  system" 
of  disposal,  as  it  is  called,  is  adopted,  the  sewers  need  not  be  of  such 
large  dimensions  as  would  otherwise  be  necessary,  and  the  amount 
of  "sewage  to  be  dealt  with  at  the  outfall  is  smaUer  and  more 
uniform  as  regards   quantity  and   composition;   again,  material 
derived  from  road  washings  does  not  collect  in  the  sewers,  and  there 
is  no  liability  to  flooding  of  basements  with  sewage  in  times  of  heavy- 
rainfall.    On  the  other  hand,  the  separate  system  entails  duplication 
of  pipes,  and  the  rainwater,  becoming,  as  it  does,  charged  with  much 
polluting  material,  cannot  be  regarded  as  clean  water-indeed, 
it  is  liable  to  cause  complaint  and  annoyance  if  permitted  to  escape 
without  treatment  into  a  stream  or  watercourse. 

Under  ordinary  circumstances  it  is  usual  to  discharge  Hquid 
refuse  into  the  sewers,  and  the  subject  of  the  construction  of  drains 
and  sewers  for  this  purpose  will  be  considered  in  connection  with  the 
disposal  of  excremental  matters.  In  the  case  of  isolated  habitations 
and  small  villages,  where  no  system  of  sewerage  obtains,  liquid  waste 
should  be  collected  in  watertight  cesspools,  constructed  of  brickwork 
rendered  in  cement  with  a  backing  of  well-puddled  clay,  properly 
covered  and  ventilated,  and  situated  at  a  sufiicient  distance  (at  least 
50  ft.)  from  any  dwelling,  and  at  least  80  ft.  from  any  source  of 
water  supply. 

Cesspools  require  to  be  emptied  regularly,  and  m  the  country,  where 

the  nature  of  the  soil  is  favourable,  the 
plan  of  applying  the  slop  waters  to  the 
land  is  often  adopted.  The  piece  of 
ground  selected  for  the  purpose  usually 
requires  to  be  underdrained ;  tlie  waste 
waters  are  conveyed  to  it  by  a  system 
of  agricultural  pipes  with  open  joints, 
and  in  order  to  secure,  as  far  as  pos- 
sible, distribution  of  tlie  waste  material 
over  the  wliole  extent  of  the  land,  it 
is  usual  to  cause  it  to  be  discharged  at 

  intervals  from  a  syphon  flush  tank. 

For  this  purpose  Rogers  Field's  "  annular  syphon  tank  "  is  often 
employed ;  the  upper  end  of  the  descending  arm  of  the  annular 
syphon  {See  Fig.  53)  has  a  lip  projecting  downwards  and  inwards,  so 


Fig.  53. 
Rogers  Field's  Flush  Tank. 
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that,  when  the  waste-water  reaches  the  level  of  the  upper  end  of  this 
descending  arm,  it  is  directed  towards  the  centre  of  the  tube  by 
the  lip,  and,  carrying  air  down  with  it,  causes  the  syphon  to  be  set 
in  action ;  this  result  is  satisfactorily  attained  even  when  only  a  small 
dribble  of  water  is  passing  into  the  tank.  The  syphon,  once  put  in 
action,  empties  the  whole  of  the  contents  of  the  tank.  In  cases  where 
such  a  device  is  not  made  use  of,  the  waste-water,  owing  to  the  small- 
ness  of  the  amount  of  the  discharge,  is  apt  to  penetrate  only  a  short 
distance  into  the  sub-irrigation  pipes;  by  collecting  the  liquid, 
however,  until  a  whole  tank-full  has  accumulated,  and  then 
causing  the  entire  amount  to  be  discharged  at  a  given  moment 
into  the  drains,  the  waste-water  penetrates  further  into  the  system 
of  pipes,  the  proximal  portions  of  which  are  thoroughly  flushed  out 
by  the  rush  of  liquid,  and  the  whole  area  of  the  plot  of  land,  which 
has  been  provided  with  sub-irrigation  pipes,  is  utilised. 

TV. — EXCEEMENTAL  MATTER. 

Advantages  and  Disadvantages  of  Various  Methods 

of  Disposal. — For  the  most  part,  no  doubt,  in  former  ages  excreta 
were  deposited  in  pits  or  dug  into  the  ground,  though,  even  in  very 
early  times,  the  method,  of  conveyance  of  liquid  refuse  by  sewers 
into  the  nearest  watercourse,  was  adopted  in  exceptional  instances. 
The  plan  of  covering  excreta  with  earth,  employed  by  some 
animals  from  time  immemorial,  has  within  recent  years  been 
made  the  basis  of  a  method  of  practice  generally  associated  with  the 
name  of  a  clergyman,  the  Rev.  Henry  Moule  (who  first  advocated 
the  use  of  earth  closets) ;  this  method  is  well  adapted,  under  certain 
circumstances,  for  use  in  the  case. of  isolated  habitations  (See  p.  231) 

"When  sewers  came  into  common  use  for  the  purpose  of  carrying 
oflf  surface  water,  and  when  the  increasing  employment  of  water  for 
domestic  purposes  led  to  its  discharge  into  these  sewers,  it  could 
not  fail  to  be  apparent  that  here  was  a  means  ready  to  hand  for 
disposing  of  excreta.  Various  crude  forms  of  apparatus  were  from 
time  to  time  recommended.  In  1778,  Joseph  Bramah,  a  cabinet 
maker,  patented  a  water-closet  presenting  considerable  resemblance 
to  the  modern  valve-closet,  and  it  became  a  conmion  practice,  by 
means  of  appliances  of  this  character,  to  wasli  excreta  and  other 
waste  material  into  cesspools.  In  1816  the  law  proliibiting  the 
transmission  of  waste  products  from  houses  into  sewers  was  repealed, 
and  the  convenience  of  the  new  system  was  so  obvious,  tliat  from 
1847  onwards  it  was  made  compulsory  in  many  instances. 

When  this  method  of  water-carriage,  largely  in  consequence  of 
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the  efforts  of  sanitary  reformers,  and  notably  of  Mr.  Chadwick, 
had  been  commonly  adopted,  it  became  manifest  that,  although 
great  benefit  had  resulted  from  getting  rid  of  the  objectionable  privy 
or  cesspool  from  close  proximity  to  houses,  it  was  still  necessary,  in 
order  to  avoid  nuisance,  tliat  much  care  and  ingenuity  should  be 
exercised  in  connection  with  the  construction  of  sewers.  It  was 
gradually  recognised,  moreover,  that  there  was  need  for  some 
method  of  dealing  with  the  sewage  carried  to  the  outfall,  before 
turning  it  into  a  watercourse  or  into  the  sea. 

Side  by  side  with  the  extension  of  the  use  of  water-carriage, 
improvements  were  introduced  in  some  of  those  centres  of  population 
in  which  the  old  system  of  depositing  excreta  in  pits  remained  in. 
force.  The  midden  privy  is  not  even  yet  altogether  a  thing  of 
the  past,  but  already,  in  the  middle  of  the  last  century,  its  faults 
were  beginning  to  be  recognised.  Constructed  as  it  was  "  of  porous 
materials,  and  permitting  the  soakage  of  filth  into  the  surrounding 
soil,  capable  of  containing  the  entire  dejections  from  a  house,  or 
from  a  block  of  houses,  for  months  and  even  years,  uncovered 
and  open  to  the  rain  and  wind  and  the  sun,  and  difficult 
of  access  for  cleansing  purposes,"  it  was  productive  of  most  serious 
offence ;  but  tlie  difficulty  of  dispensing  with  it  altogether  led  to 
efforts  being  made,  while  retaining  the  principle,  to  minimise  the 
attendant  danger  and  annoyance. 

Apart  from  the  special  difficulties  of  some  localities,  and  the 
question  of  initial  expense  involved  in  putting  in  practice  the  method 
of  water-carriage,  there  was  this  strong  inducement  in  favour  of  the 
conservancy  system — that  the  excreta  in  a  dry  form  were  of  value 
as  manure.  Hence,  in  a  number  of  cases  the  "midden"  was 
still  employed,  and  in  instances  in  which  public  opinion  was  too 
advanced  to  permit  of  the  continuance  of  the  retention  of  large 
quantities  of  excreta  under  the  old  conditions,  less  objectionable 
types  of  privy,  and  "  pail  systems,"  were  introduced,  the  tendency 
being,  as  the  public  taste  improved,  'to  insist  upon  smaller  and 
smaller  accumulations,  and  thus  necessarily  on  more  and  more 
frequent  removal. 

Ingenuity  continued  to  be  directed  towards  improvement  of 
conservancy  methods,  and,  oi\  the  other  hand,  difficulty  was  in- 
creasingly experienced  in  the  case  of  towns,  wliich  had  adopted 
the  water-carriage  system,  in  dealing  with  the  sewage  at  tlie 
sewage  outfall,  so  that  for  some  time  there  seemed  to  be  doubt  as 
to  whether  the  water-carriage,  or  the  dry  or  conservancy  method, 
would  ultimately  prevail.  Of  late  years,  however,  the  former 
svstem  has  been  widely  extended,  and  though  much  still  remains  to 
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be  clone  in  improving  the  treatment  of  sewage  at  the  outfall,  and 
while,  in  the  case  of  scattered  habitations,  the  earth- closet,  or  the 
pail  or  cesspool,  the  contents  of  which  are  applied  directly  to  the 
land,  must  of  necessity  be  employed,  conservancy  methods  seem  to  have' 
had  theii-  day  so  far  as  centres  of  population  are  concerned.  The 
main  cause  of  the  failure  of  dry  methods  of  excrement  disposal 
appears  to  be  that,  where  they  are  adopted,  there  still  remains  the 
problem  of  disposing  of  slop  Avater,  and,  as  already  noted,  the 
addition  of  water-closet  refuse  does  not  materially  afiect  the  com- 
position of  town  sewage. 

Of  late  years  attention  has  been  particularly  directed,  by  Dr. 
G.  V.  Poore  and  others,  to  the  capacity  possessed  by  the  "living 
humus "  of  surface  soil  for  dealing  with  excremental  matter,  and  it 
has  been  again  urged,  in  the  light  of  modern  knowledge,  that  the 
water-carriage  system  involves  waste  of  a  "valuable  manurial  pro- 
duct." The  average  amount  of  excrement  per  unit  of  population  is 
found  to  be  about  2|  oz.  of  fjeces  and  40  oz.  of  urine,  per  diem,  and  it 
has  been  calculated,  on  theoretical  principles,  that  if  the  nitrogen, 
phosphatesi,  potash,  etc.,  could  be  made  available,  the  money  value  of 
the  excreta  of  an  individual  ^je?-  annum  should  be  nearly  seven 
shillings ;  to  this  amount  the  faeces  would  contribute  about  one 
.shilling  and  the  urine  six  shillings.  Such  calculations  are  of  little 
importance  in  practice,  as  the  excreta  cannot,  as  a  rule,  be  collected 
independently,  and  the  attempt  to  extract  the  \-aluable  constituents, 
after  they  have  been  mixed  with  other  substances,  is  attended  with 
great  difficulty. 

Earth-Closet. — In  the  case  of  the  earth-closet,  the  solid  excreta 
and  some  portion  of  the  urine  are  mixed  with  dry  earth,  of 
which  an  allowance  of  about  half  a  pound  per  person  daily  is 
usually  found  to  be  necessary,  where  mould,  brick-earth,  or 
loamy  surface  soil  can  be  utilised  for  the  purpose.  When  suit- 
able material  is  available,  and  when  it  is  sifted  and  dried,  and 
care  is  exercised  in  the  use  of  the  closet,  no  nuisance  is  caused, 
and  the  system  has  proved  a  most  satisfactory  means  of  dealing 
with  excremental  matter  in  the  case  of  isolated  houses.  Gravel, 
sand,  and  chalk  are  much  less  efficacious  than  the  other  kinds  of 
soil  mentioned,  and  even  with  the  best  soils  it  is  necessary  to 
prevent  the  contents  of  the  pail  becoming  unduly  moist  ;  for 
this  reason  the  whole  of  the  urine  cannot  be  dealt  witli  in  the 
earth-closet.  Charcoal  has  been  employed  in  cases  where  suit- 
able earth  is  not  available.  When  the  method  of  treatment  now  in 
question  is  carefully  conducted,  under  favourable  conditions,  not  only 
is  all  smell  prevented,  but  it  is  found  that  the  pail  contents  can  be 
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again  used,  after  re-drying,  for  renewed  application  to  excreta. 
The  remarkable  thing  is  that,  under  such  circumstances,  the  manurial 
value  of  tlie  material  produced  is  not  great,  as  the  nitrogen,  to  a 
large  extent,  disappears  in  a  gaseous  foi'm. 

Application  to  Land. — In  cases  where  there  is  abundant  garden 
ground  about  houses,  the  application  of  excreta  to  the  surface, 
soil  has  been  practised  with  advantage;  when  conducted  with 
scrupulous  care,  the  system  has  not  been  attended  with  nuisance, 
and  the  added  material  has  been  found  to  be  a  valuable  fertilising 
agent.  It  has  been  contended  that,  relying  upon  the  capacity 
of  the  "  living  humus  "  to  render  innocuous  material  deposited  upon 
it,  the  operations  may  be  conducted  in  the  near  neighbourhood  of 
properly  constructed  surface  wells,  and  that  the  risk  of  pollution  is 
then  even  less  than  with  a  water-carriage  system  and  with  public 
supplies  of  water.  Such  a  method  is,  of  course,  quite  out  of  the 
question  in  the  case  of  urban  communities. 

In  an  interesting  discussion  on  "  The  Prevention  of  Enteric 
Fever,"  fully  reported  in  the  Eighty-first  Volume  of  the  Trans- 
actions of  the  Royal  Medical  and  Chirurgical  Society,  this  subject 
was  dealt  with  from  various  points  of  view.  The  decline  of 
enteric  fever  in  this  country  coincidently  Avith  the  carrying  out 
of  extensiA'e  works  of  sewerage  (the  mortality  from  the  disease 
was  -37  per  1,000  in  1871-1875,  and  -17  per  1,000  in  1891- 
1895),  and  the  fall  in  the  death-rate  of  Glasgow  subsequent  to 
the  provision  of  an  improved  water  supply  (-51  per  1,000  in  1865- 
1879,  and  -19  per  1,000  in  1887-1897),  were  referred  to  in  this 
connection.  These  and  other  facts  seem  to  conclusively  dispose  of 
the  doctrine  that  the  introduction  of  sewers,  water-closets,  and  public 
water  supplies  has  led  to  increased  risk  of  disseminating  enteric  fever. 
The  contrast  between  the  behaviour  of  cholera  in  England  in  1 848- 
1849  and  in  1893-1894  is,  moreover,  a  particularly  striking  one. 
Thus,  from  the  point  of  view  of  preventing  the  spread  of  water-borne 
disease,  it  is  certainly  not  likely  that  there  will  be  a  return  to  appli- 
cation of  excreta  to  the  soil  with  employment  of  shallow  wells,  in 
substitution  for  sewerage  and  public  systems  of  water  supply. 

A  great  difficulty  in  connection  with  the  introduction  of  water- 
carriage  removal  was,  of  course,  the  initial  outlay  involved.  This 
obstacle  was  to  a  large  extent'  overcome  by  the  institution  of  the 
loan  system.  Again,  the  manurial  value  of  excreta,  collected  under 
the  old  conservancy  methods,  was  far  greater  in  the  early  days,  wlien 
farming  operations  were  conducted  in  this  country  on  a  much  more 
extensive  scale  than  they  are  at  the  present  time.  Comparison  of 
the  acreage  of  land  under  cultivation  at  the  time  of  t];e  accession 
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of  Queen  Victoria,  witli  that  under  cultivation  at  the  present  day, 
will  show  that  the  importation  of  food  supplies  from  abroad  has, 
from  an  economic  standpoint,  wrought  great  changes  in  the 
conditions  of  tlie  problem  of  excrement  disposal. 

Modifications  of  the  Wet  System. — In  some  places  Avater-carriage 
is  out  of  the  question,  by  reason  of  difficulty  in  obtaining  a  proper  fall, 
or  owing  to  severity  of  climate  leading  to  freezing  of  water,  or  from 
insufficient  supply  of  water.  Some  of  these  cases  have  been  met  by 
the  pro^asion  of  extraction  systems,  such  as  that  of  Captain  Liernur, 
in  which  a  vacuum  is  produced  by  means  of  an  air-pump,  and  the 
sewage  is  thus  sucked  away  in  the  direction  required ;  or  by  the  use  of 
compressed  air,  as,  for  example,  in  what  is  known  as  "  Shone's  Ejector 
System,"  in  which  the  sewage  is  driven  along  the  course  desired. 

The  Midden  or  Privy.— In  the  ISTorthern  and  Midland  towns 
of  this  country  dry  methods  were  largely  used  until  within  recent 
years,  and   they  are  still  employed  to  a   lessened   extent,  not 


Fig.  54. 

A  Privy  constructed  so  as  to  comply  with  the  Model 
By-laws. 


so  much  because  water-carriage  has  been  found  impracticable,  as 
with  a  view  to  the  economic  use  of  the  excreta  as  manure.  Again, 
in  many  rural  districts  the  cost  of  water-carriage  is  found  to  be 
altogether  prohibitive.  The  model  by-laws  prescribe  that  a  midden 
or  privy  shall  be  situated  at  least  6  ft.  from  any  dwelling,  and 
•"jO  ft.  from  any  well;  that  the  floor  shall  be  above  ground" level. 
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and  shall  incline  away  from  the  privy  receptacle ;  the  capacity  of 
the  latter  is  limited  to  8  cubic  ft.,  and  this  practically  necessitates 
weekly  removal ;  the  receptacle,  moreover,  is  to  be  of  impermeable 
material,  so  as  to  prevent  soakage,  and  it  should  have  a  hinged 
seat  to  admit  of  the  application  of  ashes. 

Other  Conservancy  Methods. — The  tub  or  pail  constitutes  a  great 
improvement  upon  the  fixed  receptacle.    At  Rochdale  a  wooden 


1'  a 


FIG.  55. 
Goux  Pail. 


FIG.  56. 
Goux  Mould. 


pail  is  used  ;  at  Birmingham  a  galvanised  iron  pail  is  employed. 
In  Manchester  the  system  of  adding  ashes  by  means  of  a  cinder- 
sifter  was  adopted  at  an  early  date.  In  Halifax  the  Goux  system 
was  introduced,  the  pail  being  lined  with  an  absoi'bent  layer  of 
ashes,  street  sweepings,  factory  waste,  or  a  mixture  of  tan, 
sawdust,  and  soot,  pressed  into  shape  by  means  of  a  mould. 
Ash-closets  are  sometimes  provided,  in  which,  by  a  mechanical 
arrangement,  sifted  fine  ash  (Fig.  57,  C)  is  deposited  automatically 
on  the  pail-contents,  while  the  cinders  (Fig.  57,  B)  are  separated 
for  further  use  as  fuel. 

The  removal  of  pails  is  usually  carried  out  at  night-time,  in 
specially  constructed  vans,  and  the  material  collected  is  generally 
concentrated  into  smaller  bulk  by  application  of  heat,  and  utilised 
as  manure.  The  plan  of  drying  excreta  in  a  concretor  was  at  one 
time  largely  practised  in  Manchester.  Somewliat  similar  methods 
have  been  in  operation  at  Rochdale,  Birmingham,  Glasgow,  Leeds, 
Bradford,  and  other  large  towns.  In  Paris,  cesspool  sediment  has 
been  dried  on  a  large  scale,  and  so  converted  into  what  is  known  as 
poudrette.  In  the  early  days  of  the  employment  of  systems  such  as 
the  above,  it  was  found  that,  while  none  of  them  paid  the  cost  of 
collection,  tliey  were  in  some  instances  more  economical  than  water- 
carriage  removal ;  but  of  late  years  increasing  difficulty  has  been 
experienced  in  disposing  of  the  product  manufactured,  and  this 
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fact,  together  Avith  the  necessity  for  the  independent  removal  of 
liquid  -waste,  and  the  objection  to  the  pail  system  on  health 


various  sanitary 


Fig.  57. 

Morrell's  Cinder-sifting  Ash-closet. 
The  soil  pail  is  removed  through  a  side  -wall. 

grounds,  has  led  to  a  gradual  abandonment  of  these  conservancj' 
methods. 

The    Water-Carriage    System.— The 

fittings  used  in  connection  with  habitations  are 
disconnected  from  the  drain,  which  receives  the 
waste  material  of  the  house,  by  means  of  traps. 

Traps. — The  principle  of  the  trap  will  be 
seen  on  reference  to  the  annexed  diagram, 
which  shows  the  constructioii  of  an  ordiiiary 
syphon  trap.  In  this  trap  a  bend  retains  water, 
and  thus  serves  to  disconnect  the  air  of  tlie 
drain  from  that  of  the  sanitary  fitting  to  whicla 
the  trap  belongs;  the  distance  A  B  is  called 
the  "seal"  of  the  trap,  and  this  water  seal 
should  be  at  least  1|  in.  deep.  The  air  of 
the  drain  to  some  extent  obtains  access  to  the 
interior  of  the  hpuse,  even  when  the  seal  remains  unbroken,  for 


A- 
B- 


Fig.  58. 
Syphon  Trap, 
with  screw-plug  for 
cleansing. 
A  B,  Water  seal. 
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drain  air  becomes  absorbed  by  the  trapping  water,  and  may  bo 
given  off  from  its  upper  surface  on  tlie  house  side. 

Dr.  Fergus,  of  Glasgow,  who  made  a  series  of  experiments  some 
years  ago,  found  that  substances  Avith  characteristic  odours,  introduced 
on  the  drain  side  of  the  trap,  become  perceptible  on  the  house  side 
after  the  lapse  of  an  interval  of  time ;  thus  ammonia  was  found  to  be 
taken  up  by  the  water  in  the  syphon,  and  to  be  transmitted  through  it 
to  the  air  on  the  house  side  of  the  trap,  in  sufficient  quantity  to  become 
perceptible  after  the  lapse  of  about  fifteen  minutes.  Moreover,  if  the 
contents  of  the  drain  be  foul,  putrefaction  may  occur  in  the  water 
of  the  trap,  with  bursting  of  bubbles  and  discharge  of  particulate 
matter  into  the  air  on  the  house  side  of  the  trap. 

The  water  seal  may  become  broken  from  excess  of  pressure  m 
the  drain,  if  the  latter  be  unventilated.    Again,  the  momentum^  of 
discharge  may  carry  the  water  altogether  out  of  the  syphon,  or  drive 
out  so  much  water  as  to  cause  the  trap  to  become  unsealed,  particu- 
larly if  the  depth  of  the  seal  be  insufficient;  this  is  obviated  by 
causing  the  water-holding  part  of  the  trap  to  be  somewhat  contracted, 
and  by  making  the  ascending  arm  large  and  square  in  section.  Further- 
more, the  contents  of  the  trap  may  be  sucked  out  by  syphonage ;  this 
is  particularly  liable  to  occur  when  the  length  of  pipe  on  the  drain 
side  of  the  trap  is  a  long  one,  or  when  a  second  pipe  communicates 
with  this  length  of  pipe,  and  the  discharge  of  waste  material  through 
this  second  pipe  sucks  out  the  water  from  the  original  trap.  Syphon- 
action  is  specially  apt  to  occur  in  cases  in  which  a  soil-pipe  is  common 
to  several  Avater-closets,  one  above  another,  as,  for  example,  m  a 
block  of  buildings ;  it  may  be  prevented  by  ventilating  the  top  of  the 
trap  beyond  the  seal  by  means  of  a  2-in.  lead  ventilating  pipe ;  such 
"  anti-syphonage  pipes,"  in  the  case  of  a  vertical  row  of  water- 
•  closets,  are  made  to  communicate  with  a  common  pipe,  carried  up 
separately,  or  taken  into  the  soil-pipe.  Finally,  the  seal  of  a  trap  may 
become  broken  by  the  evaporation  of  the  water  contained  in  it. 
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A  trap,  to  be  efficient,  should  be  self-cleansing,  and  for  this  purpose 
it  is  necessary  that  it  should  be  free  from  all  angles  and  corners 
which  Avould  tend  to  retain  filth.  A  form  of  trap  formerly  largely 
used  is  that  illustrated  in  Fig.  59.  This  trap  is  apt  to  become 
choked  from  accumulation  of  deposit ;  the  depth  of  the  seal,  usually 
only  about  |  of  an  inch,  is  insufficient ;  the  seal  is  apt  to  be  broken 
from  evaporation  of  the  water ;  the  cover  of  the  bell  is  often  broken, 
and  there  is  then  direct  communication  with  the  air  of  the  drain ; 
finally  it  is  a  common  occurrence,  in  the  case  of  such  traps,  to  find 
that  the  cover,  if  unbroken,  has  been  removed,  or  has  become 
displaced.  Fig.  60  represents  the  "  D  trap,"  which  was  at  one 
time  largely  used  in  connection  with  "  container  water-closets." 
This  trap  invariably  becomes  coated  with  deposit,  and  its  use  is 
usually  prohibited  in  codes  of  by-laws. 

The  trap  shown  in  Fig.  61  is  without  angles  or  corners  rendering 


■FIG.  61. 

A  Trap  -with  shallo-w  seal,  and  without 
means  of  access  for  cleansing  purposes. 


Fig.  62. 

Another  objectionable  form  of 
Trap. 


it  liable  to  retain  deposit ;  but  its  seal  is  too  shallow,  and  there  is  no 
means  of  access  for  cleansing  purposes.  The  trap  shown  in  Fig.  62 
is  objectionable  inasmuch  as  it  is  especially  liable  to  become  blocked  ; 
again  it  is  not  ventilated,  and  the  opening  provided  does  not  oSer 
facilities  for  clearing  the  drain  beyond  the  trap. 


Fig.  63. 

Gully-trap  designed 
for  receiving  rain- 
water, etc. 


Qully-trap  designed 
tor  yard  or  road 
washings. 


Fig.  65. 

Ventilating.  Intercepting  Trap. 

A.  Socket  for  house  drain. 

B.  Connection  with  sewer. 

O.  Socket  for  I'resh-ai r  i nlet  pi po. 
D.  Cap  for  clearing  purposes. 


Fig.  63  represents  a  self-cleansing  gully-trap  of  tlie  ordinary  type. 
In  Fig.  64  is  shown  a  trap  designed  to  prevent  solid  jnaterial  passing 
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into  the  drain ;  such  a  trap,  of  course,  requires  to  be  periodically 
cleansed,  as  otherwise  it  is  liable  to  become  choked.  The  form  of 
trap  illustrated  in  Fig.  65,  which  has  means  of  ventilation,  is 
sometimes  used,  in  cases  in  which  an  inspection  chamber  is  not  provided, 
for  the  purpose  of  intercepting  the  house  drain  from  the  sewer. 

Waste-pipes. — The  Model  By-law  of  the  Local  Government  Board 
requires  that  "  the  waste-pipe  from  every  bath,  sink  (not  being  a  slop 
sink  constructed  or  adapted  to  be  used  for  receiving  solid  or  liquid 
filth),  or  lavatory,  the  overflow-pipe  from  any  cistern  and  from  every 
safe  under  any  bath  or  water-closet,  and  every  pipe  (used  for)  carrying 
off  waste  water,"  shall  discharge  in  the  open  air,  over  a  channel. 


Fig.  66. 

Trapped  GiUly  complying  with  the  Model  By-law. 


leading  to  a  trapped  gully  at  least  18  in.  distant;  the  arrangement 
contemplated  is  shown  in  Fig.  66,  and  the  trap  in  this  instance  is 
fitted  with  a  receiver,  provided  with  a  handle,  designed  to  facilitate 
the  removal  of  any  deposit  which  may  collect. 

The  waste-pipes  from  kitchen  sinks  should  not  only  be  disconnected 
from  the  drain  by  being  made  to  discharge  over  a  gully  in  the  open 
air,  but  they  should  also  be  provided  with  a  syphon  trap,  fitted,  at 
its  lowest  point,  with  a  screw-cap  which  can  be  removed  witli  a  view 
to  cleansing  tlie  trap.  The  trap  should  have  a  3-in.  water-seal,  and 
.should  be  placed  immediately  beneath  the  sink;  the  collection  of 
greasy  material  even  in  a  short  length  of  waste-pipe  is  liable  to  cause 
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nuisance  unless  the  air  contained  in  the  pipe  is  precluded  from  escap- 
ing at  the  outlet  of  the  sink.  It  is  a  common  practice  to  discliarge 
waste-water  from  sinks  and  baths  in  the  upper  parts  of  a  house  into 
the  heads  of  rainwater-pipes.  This  practice  is  objectionable,  inasmuch 
as  it  leads  to  fouling  of  the  whole  extent  of  the  rainwater-pipe  with 
grease  and  soapsuds,  and  nuisance  is  likely  to  be  caused  by  the 
effluvia  which  escape  from  the  rainwater-pipe.  The  waste-pipe 
from  the  sink  or  bath  need  not,  as  a  rule,  be  more  than  1|  in.  in 
diameter,  and  it  should  be  carried  down  to,  and  made  to  discharge 
over,  a  gully  in  the  open  air. 

The  wastes  from  bath-safes  and  the  overflow  pipes  of  baths  should 
be  trapped,  and  should  be  made  to  communicate  with  the  open  air  as 
"  warning  pipes " ;  the  bath-waste  may  either  be  carried  down  and 
made  to  discharge  over  a  gully,  or  else  be  connected  with  a  sink- 
waste  which  terminates  in  this  manner ;  it  is  a  good  plan  to  carry  a 
ventilating  pipe  from  the  upper  end  of  the  pipe  receiving  one  or 
more  bath-  or  sink-wastes,  to  a  position  well  above  and  removed 
from  attic  windows.  The  rainwater-pipe  should  not  be  used  as  a 
soil-pipe  or  as  a  drain  ventilator ;  it  should  be  caused  to  deliver  over 
a.  properly  trapped  gully,  and,  where  practicable,  over  one  which 
also  receives  a  sink,  lavatory,  or  bath- waste,  as  a  gully  which 
receives  the  discharge  of  a  rainwater-pipe  alone,  is  apt  to  become 
unsealed  during  dry  weather. 

Slop  sinks  are  used  in  large  houses,  and  in  some  of  the  Midland 
and  Northern  towns,  where  sufficient  water  for  flushing  water-closets 
is  not  available.  The  advantage  of  the  slop  sink  is  said  to  be  that 
it  efi'ects  economy  in  the  use  of  water,  inasmuch  as  the  household 
waste-water  can  be  utilised  for  flushing  purposes.  "When  slop  sinks 
are  employed  they  should  be  trapped  and  connected  with  the  soil- 
pipe,  just  as  a  water-closet  is;  indeed,  unless  all  the  precautions 
deemed  necessary  in  the  case  of  water-closets  are  also  taken  with 
regard  to  them,  they  are  likely  to  be  a  source  of  danger.  "Where  the 
closet  can  be  used  for  the  reception  of  slops  it  is  better  to  dispense 
with  them  altogether;  if  they  are  employed  they  should  be  provided 
with^  a  safe  having  a  Avaste-pipe  which  discharges  into  the  open  air, 
and  it  should  be  seen  that  they  are  kept  clean  and  properly  flushed. 

Water-closets.— The  water-closet  apartment  should  be  built 
against  an  outside  wall,  and,  if  possible,  it  should  be  provided  witli 
a  disconnecting  lobby,  so  that  cross  ventilation  can  be  obtained 
between  the  water-closet  and  the  interior  of  the  house.  On  no  ac- 
count should  it  be  approached  directly  from  a  living-room,  work- 
room, or  place  in  wJiich  food  is  stored.  The  apartment  sliould 
be  well  lighted,  and  should  be  ventilated  by  means  of  a  window 
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opening  on  to  a  sufficient  open  space ;  in  addition  to  this,  means  of 
pei-manent  ventilation  by  an  air  brick  or  air  shaft  should  be  provided. 
The  floor  of  an  outdoor  closet  may  with  advantage  be  made  of 
cement-concrete,  with  a  fall  towards  the  door.  The  trap  can  be 
embedded  in  the  cement,  and  there  should  be  no  wooden  covering 
in  front  of  it,  as  in  the  absence  of  such  covering  cleansing  is 
facilitated.    The  seat  of  the  closet  should,  moreover,  be  hinged. 


FIG.  67.  FIG-  68. 

Pan  Closet.  Long  Hopper  Closet. 

A,  Basin ;  B,  Container ;  C,  D-trap. 


In  Figures  67  and  68  two  forms  of  water-closet,  at  one  time  in 
common  use,  but  now,  fortunately,  becoming  extinct,  are  shown  :  the 
jmn  closet,  in  which  the  contents  of  the  water-closet  basin  were 
discharged  into  a  ''container"  usually  placed  in  communication 
with  a  "  D  trap,"  was  particularly  objectionable.  The  container  and 
trap  invariably  became  coated  with  deposit,  and  the  leaden  D  trap 
was  in  some  cases  actually  perforated.  When  the  closet  was  used, 
and  the  pan  discharged  into  the  container,  the  effluvia  evolved  in  the 
decomposition  of  the  filth  on  the  sides  of  the  container  escaped  into 
the  house.  It  was,  moreover,  a  common  practice  in  connection  with 
these  closets  to  take  the  discharge-pipe,  from  the  leaden  safe  placed 
under  the  water-closet,  direct  into  the  D  trap,  and  in  this  way  further 
opportunity  was  aff"orded  for  the  escape  of  drain  air  into  the  house. 

The  long  hopper  closet  is  also  open  to  objection,  as  excreta  falling 
upon  the  sides  of  the  basin  render  it  foul,  and  ordinary  flushing  appli- 
ances are,  as  a  rule,  found  to  be  quite  incapable  of  cleansing  it.  Sucli 
closets,  when  furnished,  as  at  one  time  they  not  infrequently  were, 
with  a  "  spiral  flush,"  were  sources  of  serious  nuisance.  The  model  by- 
law of  the  Local  Government  Board  provides  "  that  the  water-closet 
basin  shall  be  composed  of  non-absorbent  material,"  and  be  "  of  sucli 
shape,  of  such  capacity,  and  of  such  mode  of  construction  as  to  receive 


COLLECTIOX,  EEMOVAL,  ETC.,  OF  EEFUSE. 


241 


and  contain  a  sufficient  quantity  of  water  to  allow  all  filth,  which 
may  from  time  to  time  be  deposited  (in  it),  to  fall  free  of  the  sides 
thereof  and  directly  into  the  water." 


Fig.  69.  Fig.  70. 

Short  Hopper  or  Wash-down  Closet.  Wash-out  Closet. 

A.  After-flush  chamber  ;  B,  Trap-ventilator. 

In  the  short  hopper  or  ivash-cloion  closet  these  conditions  are  gener- 
ally complied  with,  though  there  is  considerable  difference  between 
the  various  types  of  apparatus  in  common  use,  in  this  respect ;  the 
back  of  the  basin  should  be  almost  vertical,  and  the  area  of  the 
contained  water  should  be  sufficient  to  permit  of  all  filth  being 
received  directly  in  it.  The  junction  of  the  basin  and  trap,  if  the 
two  are  not  made  in  one  piece,  should  be  carefully  effected,  so  that 
the  internal  surface  is  here  perfectly  smooth,  and  no  projecting  edge, 
.such  as  would  favour  the  collection  of  filth,  is  left. 

In  the  wash-out  closet  the  area  of  the  water  held  in  the  basin  is 
considerable,  but  the  upper  part  of  the  syphon  trap  above  the  water 
level  is  apt  to  become  foul ;  hence  this  form  of  closet  is  generally 
productive  of  more  or  less  nuisance.  In  the  figure,  an  "  after-flush 
chamber  "  is  shown ;  this  contrivance  is  designed  with  the  object  of 
receiving  some  of  the  flushing  water,  and  gradually  allowing  it  to 
drain  into  the  basin,  so  as  to  ensure  that  the  trap  shall  be  fully 
recharged  in  case  too  much  water  has  been  carried  out  of  it  by  the 
rush  of  water  which  first  occurs. 

Syphonic  closets  have  been  recently  introduced ;  they  present  the 
general  characteristics  of  the  wash-down  type,  but  the  contents  of 
the  basin  are,  in  tjiem,  drawn  out  by  .syphon  action  in  addition  to 
being  washed  out  by  flushing.  They  are  said  to  effect  economy  ir? 
use  of  water. 

The  valve-closet  has  the  lower  part  of  the  basin  closed  by  a  water- 
tight valve,  which  can  be  depressed  into  a  metal  box,  thus  enabling 
the  contents  of  the  basin  to  be  discharged  into  the  syphon  trap 
beneath ;  an  overflow-pipe,  which  should  be  trapped,  is  also  made  to 

•  16 


242 


MANUAL  OF  HYGIENE. 


discharge  into  the  box ;  as  the  trap  of  this  overflow-pipe  is  apt  to 
hecome  unsealed,  by  evaporation  or  syphonage,  it  is  the  practic*-, 
in  some  instances,  to  ventilate  it  to  the  outer  air  by  means  of  a 
puff  pipe,"  and  to  adopt  an  arrangement  by  which  the  overflow- 
pipe  is  flushed  each  time  the  closet  is  used.    It  is  advisable, 
moreover,  to  cause  the  overflow-pipe  to  enter  the  box  underlying  the 
valve  in  such  a  position,  that  when  the  valve  is  depressed  the  open- 
ing of  the  overflow-pipe  is  covered,  and  choking  by  paper,  etc.  thus 
obviated.   The  valve-closet  possesses  the  advantage  of  having  a  large 
area  of  water  contained  in  the  receptacle,  but  the  valve  is  apt  to  get 
out  of  order,  and  a  larger  amount  of  water   is  necessary  for 
flushing  than  in  the  case  of  other  forms  of  closet,  inasmuch  as 
an  "after-flush"  has  to  be  provided  for,  in  order  that  the  level 
of  the  water  may  rise  in  the  basin  after  the  valve  is  closed.    Witli  a 
view  to  supplying  this  after-flush,  a  "  bellows  regulator,"  consisting 
of  a  piston  (moving  in  a  cylinder)  connected  with  the  handle  which 
serves  to  open  the  valve  of  the  closet  and  that  of  the  supply  pipe,  is 
usually  employed.     When  the  handle  of  the  closet  is  lifted  the 
piston  of  the  regulator  is  raised,  but  when  the  handle  is  released  tlie 
water  continues  to  be  supplied  as  the  piston  of  the  "bellows 
regulator"  gradually  falls;  the  cylinder  of  the  regulator  has  an 
air-escape  pipe,  fitted  with  a  tap,  which  regulates  the  escape  of 
air  from  the  cylinder  and  thus  governs  the  rate  of  descent  of  the 
piston.    While  the  piston  is  descending,  the  supply  valve  remains 
•open,  and  water  continues  to  enter  the  closet  basin. 


Fig.  71. 
Waste-preventing  Cistern. 


FIG.  72. 
Valve-closet. 


The  water  used  to  flusli  a  water-closet  should  never  be  taken  directly 
from  a  service  pipe  or  from  a  cistern  supplying  water  for  domestic 
purposes.  The  form  of  apparatus  ordinarily  used  for  flushing  purposes 
fs  the  "waste-preventing  cistern"  (Fig.  71),  wliich  serves  to  break 
the  connection  between  the  water-closet  and  tlie  water-supply  pipe. 
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There  are  many  types  of  waste-preventing  cisterns.    T}ie  ordinary 
"  valve-cistern,"  in  which  water  only  flows  while  the  chain  is  held 
and  the  valve  is  thus  raised  from  its  seating,  is  open  to  objection,  for 
the  cistern  is  not  likely  to  be  always  completely  emptied  under  such 
onditions,  and  the  closet  may  therefore  be  inadequately  flushed. 
The    "  syphon  waste-preventer "  possesses  the  advantage  that 
one  pull  of  the  chain  causes  the  discharge  of  the  entire  contents 
of  the  cistern;  moreover,  no  more  water  is  permitted  to  escape 
until  suflicient  time  has  elapsed  to  allow  the  cistern  to  refill,  and 
the  chain  is  then  again  pulled.    The  amount  of  water  in  the  cistern 
is  often  limited  to  two  gallons,  and   in   some  waste-preventing 
cisterns  even  less  is  provided.    oSTot  infrequently,  too,  the  aperture 
of  the  supply  pipe  of  the  cistern  is  made  quite  small,  so  as  to 
prolong  the  process  of  refilling;  under  these  circumstances  no  one 
using  the  closet  is  likely  to  cause  the  contents  of  the  cistern  to  be 
discharged  more  than  once  into  the  basin  of  the  water-closet.  When 
such  conditions  exist,  waste  of  water  is  completely  obviated,  but 
proper  cleansing  of  the  water-closet  basin  is  not  so  certainly  secured. 
It  has  been  contended  tliat,  with  suitable  appliances  and  proper 
flushing  arrangements,  a  two-gallon  flush  is  sufficient  to  cleanse  the 
basin  of  tlie  closet  and  to  carry  the  contents  discharged  from  it  into 
the  sewer,  provided  the  drain  is  properly  constructed  and  laid.  Tlie 
matter  has  been  made  the  subject  of  carefully  conducted  experiments, 
which  show  that,  under  the  most  favourable  conditions,  a  two-gallon 
flush  is  generally  sufficient,  though  there  is,  as  might  have  been 
expected,  greater  security  when  2^  or  3  gallons  of  water  are  used. 
There  is  thus  undoubtedly  advantage  in  providing  for  the  waste- 
preventing  cistern  to  contain  at  least  2|  or  even  3  gallons  of 
water,  and  the  arrangement  should,  moreover,  be  such  that  the 
cistern  rapidly  refills,  and  can  be  emptied  a  second  time  should  this 
be  found  necessary. 

Syphon  waste-preventers  are  set  in  action  either  by  forcino'  a 
body  of  water  over  the  bend,  or  by  causing  water  to  enter  the 
long  leg,  of  the  syphon.  In  the  cistern  shown  in  Fig.  71  the  latter 
method  is  adopted  ;  when  the  chain  is  pulled  the  valve  is  raised 
water  enters  the  long  leg  of  the  syphon,  and  syphon  action  is  set  up! 
Directly  after  the  valve  is  raised,  a  leather  plug  slips  off  the  lower 
surface  of  the  valve  and  closes  the  orifice,  so  that  when  once  tlie 
cistern  has  been  emptied  no  more  water  escapes  until  it  refills 
and  the  chain  is  again  pulled. 

In  all  cases  water-closet  basins  should  be  provided  with  a  flusliing 
nm  which  directs  the  water  over  the  whole  surface  of  the  basin 
The  down  pipe  should  be  not  less  than  1|  in.  to  1.4  in.  in  diameter 
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and  the  cistern  should  be  placed  at  least  4ft.,  and  preferably  6ft., 
above  the  closet  basin,  in  order  to  obtain  a  sufficiently  forcible 
discharge. 


FIQ.  73. 

Trough  "Water-closet.      A,  Cleansing  Cap. 


Trough  closets  have  been  recommended  in  the  case  of  schools  and 
institutions,  and  in  other  instances  when  a  number  of  closets  side  by 
side  are  required.    It  is  said  that  they  are  less  costly,  and  are  adapted 
for  the  use  of  persons  who,  from  recklessness  or  sheer  miscluef,  inter- 
fere with  the  working  of  the  flushing  or  other  apparatus  of  ordinary 
water-closets.    The  trough  closet  can  be  automatically  flushed,  and, 
if  the  operation  is  efi'ected  at  sufficiently  frequent  intervals,  it  is 
contended  that  nuisance  from  the  accumulation  of  excreta  in  the 
closet  will  not  be  experienced.    The  sides  of  the  trough  are  liable, 
however,  to  become  foul  from  splashing,  and  if  they  are  not  periodi- 
cally cleansed  nuisance  must  arise  from  tliis  cause.    Improved  forms 
of  trough  closets,  styled  "latrines,"  have  been  constructed,  m  which 
a  number  of  basins,  shaped  like  ordinary  water-closet  basins,  commu- 
nicate with  a  trapped  discharge  pipe  common  to  all  of  them.  These 
appliances  are  less  open  to  objection  in  some  respects  than  the 
ordinary  "trough  closet";  but,  on  the  other  hand,  they  do  not,  as  a 
rule,  admit  of  being  properly  cleansed.    The  principle  of  retaining 
excremental  matter,  even  if  it  be  for  only  short  periods,  before 
causing  it  to  be  discharged  into  the  drain,  is  undoubtedly  objection- 
able and  even  with  the  most  careful  management  it  is  practically 
impossible  to  maintain  such  a  standard  of  cleanliness  witli  the  trough 
closet  or  latrine,  as  can  be  secured  where  separate  water-closet  basins 
are  employed.    In  many  places  in  which  trough  closets  have  been 
tried  they  have  been  found  to  be  a  source  of  considerable  nuisance, 
and  in  numerous  instances  it  has  been  found  desirable  to  replace 
them  by  ordinary  water-closets. 


COLLECTION,  EEMOVAL,  ETC.,  OF  REFUSE.  245 


The  Soil-pipe  should  be  fixed,  if  possible,  outside  the  house,  and 
carried  up  full-bore  to  a  point  above  the  eaves,  and  well  removed 
from  windows.  Soil-pipes  are  usually  3  J  or  4  inches  in  diameter, 
and  they  are  generally  constructed  of  drawn  lead,  each  length 
being  made  in  one  piece  by  forcing  the  molten  lead  through  a 
round  orifice  by  hj'-drauhc  pressure,  applied  to  a  piston  provided  Avith 
a  core  which  forms  the  bore  of  the  pipe.  Seamed  lead  piping  must 
on  no  account  be  used,  as  leakage  is  apt  to  occur  at  the  seam.  The 
weight  of  the  lead  piping  per  1 0-foot  length  should  be  not  less  than 
65  lbs.  in  the  case  of  3|-in.,  and  74  lbs.  in  the  case  of  4-in.  soil- 
pipes.  The  joints  should  be  "  wiped  "  joints.  In  the  case  of  soil-pipes 
fixed  outside  buildings  cast-iron  pipes  are  sometimes  used ;  they  are 
inferior  to  lead  pipes,  and  if  employed  should  be  of  a  uniform  thick- 
ness of  not  less  than  to  ^  of  an  inch ;  thoy  should  be  properly 
tested,  and  jointed  with  yarn  and  molten  lead,  and  the  connection 
with  the  closet  requires  to  be  carefully  made  in  order  to  secure 
proper  jointing.  Even  where  iron  pipes  are  used  as  soil-pipes  it  is 
advisable  to  employ  lead  for  the  ventilating  pipes,  as  iron,  when  not 
washed  by  sewage,  speedily  rusts  and  deteriorates. 

House  Drains  are  generally  constructed  of  circular  glazed 
socketed  stoneware  pipes.  These  pipes  are  more  durable  and  less 
porous  than  earthenware  pipes,  from  wliich  they  are  distinguishable 
by  their  pale  bufi"  colour,  their  metallic  ring  when  struck  with  a 
hammer,  and  the  comparatively  small  extent  to  which  their  weight 
increases  when,  after  drying,  they  are  submerged  for  twenty-four 
hours  in  water. 

They  should  be  carefully  laid  and  jointed  with  Portland  cement  in 
such  a  way  that  there  is  no  projection  at  the  site  of  the  joint  into 
the  interior  of  the  drain.  The  absence  of  such  projection  is  usually 
ascertained  by  the  use  of  a  "  badger,"  a  wooden  disc  Or  ball,  which 
can  be  passed  along  the  interior  of  the  drain.  Two  wooden  discs, 
edged  with  india-rubber  and  connected  by  a  flexible  tube,  are  some- 
times employed  for  the  purpose,  as  this  form  of  badger  can  be  made 
to  closely  fit  the  pipes,  and  is  capable  of  being  drawn  through  bends 
in  the  drain.  "  Composition  rings,"  cast  on  the  spigot  and  socket  of 
each  pipe,  are  sometimes  used  for  jointing  purposes  ;  when  they  are 
employed  a  fillet  of  cement  is  often  added  in  addition  to  make  the 
joint  perfectly  secure.  It  Avas  a  connuon  practice  in  days  gone  by  to 
make  "  clay "  joints  to  house  drains,  but  in  places  in  which  the 
laying  of  drains  is  adequately  supervised,  proper  joints  are,  of  course, 
insisted  upon.  Clay  is  soon  washed  out  of  joints  and  is  perforated 
by  worms  and  roots  of  trees ;  it  is,  moreover,  liable  to  be  squeezed 
out  by  pressure. 

The  house  drain  is  as  a  rule  4  inches  in  diameter,  and  there  is  great 
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advantage  in  not  using  drain-pipes  of  larger  size  tlian  this,  as  tlie 
smaller  the  diameter  the  greater  is  the  likelihood  of  the  drain  being 
adequately  fluslied  and  kept  free  from  deposit.  The  amount  of  water 
necessary  to  make  a  4-incli  pipe  run  full,  causes  a  6-inch  pipe  to 
run  less  than  half  full.    Cast-iron  pipes  are  generally  coated  inside 
and  out  with  Angus  Smith's  preservative  (a  mixture  of  coal  tar  and 
coal  oil),  or  witli  oxide,  by  the  Bower-Barft'  process  (raising  to  wliite 
heat  in  presence  of  superheated  steam).    Those  parts  of  iron  pipes 
which  are   exposed  to  ordinary  sewage  show  little  tendency  to 
rust,  a  fact  attributed  to  the  contained   grease,  etc.  Cast-iron 
pipes  are  often  employed  for  drainage  work ;  they  can  be  manu- 
factured in  long  lengths,  hence  fewer  joints  are  necessary,  and 
these  can  be  made  in  a  more  reliable  way  when  such  pipes  are  used. 
Moreover,  cast-iron  pipes  are  readily  adapted  to  different  varieties 
of  form.    They  are  especially  useful  when  drains  have  to  be  carried 
under  houses  and  under  roads  used  for  heavy  traffic.    It  is  most 
important  that  drain  pipes  should  be  laid  to  a  proper  fall  and  on  a 
bed  of  concrete.    In  some  instances  concrete  is  not  insisted  upon 
when  the  drains  are  entirely  outside  the  house  and  the  subsoil  is 
"  sound."    The  pipes  should  be  placed  with  the  sockets  pointing 
to  the  head  of  the  drain,  and  the  gradient  should  be  at  least 
1  in  40.    Maguire's  rule  is  to  the  effect  that  a  4-inch  drain  must 
have  a  fall  of  1  in  40,  a  6-inch  drain  a  fall  of  1  in  60,  and  so 
on,  the  diameter  of  the  drain  in  inches  being  in  each  case  multi- 
plied by  10. 

Drains  intended  to  carry  sewage  should  always  be  laid  on  6  inclies 
of  concrete^  and  the  concrete  should  project  on  each  side  to  an 
extent  at  least  equal  to  the  external  diameter  of  the  drain. 
"  Hand  holes  "  may  be  constructed  to  receive  the  sockets  of  the 
pipes,  in  order  to  facilitate  jointing  and  to  enable  the  barrels  of  the 
pipes  to  rest  upon  the  concrete.  These  hand  holes  must  be  subse- 
quently filled  in,  and  the  concrete  made  to  cover  half  the  diameter  of 
the  drain,  or,  if  the  drain  pass  beneath  a  dwelling-house,  the  entire 
pipe  should  be  encased  in  concrete  6  in.  thick  all  round.  ^N'hen 
drains  are  laid  beneath  houses,  relieWng  arches  in  cement  should 
be  formed,  where  the  pipes  pass  under  walls,  so  as  to  prevent 
possil)le  damage  to  the  drain  from  settlement.  Iron  pipes  are  best 
adapted  for  use  in  cases  where  drains  pass  under  buildings,  and  they 
may  be  laid  on  concrete,  or  placed  in  brick  channels  with  concrete 
floors,  so  t]ia,t  tlioy  are  accessible  to  inspection  throughout  their 
entire  course  beneath  the  building.  Drains  should  be  laid  in  .straight 
lines,  and,  if  it  is  necessary  to  cliange  the  direction  of  the  dram,  this 
may  best  l)e  effected  by  employing  a  curved  pipe  as  the  means  of 
communication  between  one  run  of  drain  pipe  and  tlie  next. 
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An  inspection  chamber  sliould,  if  possible,  be  pi'ovided  at  the 
point  at  which  each  change  in  the  direction  of  the  drain  is  effected. 
At  the  site  of  the  junction  of  the  house  drain  with  the  sewer  an 
inspection  chamber  should  be  constructed,  whenever  this  is  practi- 
cable.    In  the  inspection  chamber  the  disconnecting  trap,  winch 


Fro.  74. 

Intercepting  or  Inspection  Chamber. 

must  be  provided  at  the  point  where  the  house  drain  joins  the 
sewer,  should  be  so  placed  that  it  can  be  exposed  for  purposes  of 
examination.  The  chamber  is  generally  constructed  on  a  concrete 
foundation  of  brickwork  lined  with  cement.  The  main  drain  of  the 
house  should  run  across  the  chamber,  in  an  open  channel  formed  of 

half-channel  pipes,  or,  if  it  be 
deemed  necessary,  with  a  view 
to  preventing  splashing,  three- 
quarter  channel  pipes  may  be 
used.  Branch  drains  should  be 
made  to  communicate,  where  this 
is  practicable,  with  this  open 
chamber  by  suitable  curved 
pipes,  and  the  outlets  from  the 
drains  being  thus  exposed  any 
olwtruction   can   be   readily  re- 


FIG.  75. 


Floor  of  Manhole  or  Intercepting 
Chamber  viewed  from  above. 


moved  by  operating  from  within  the  chamber. 

The  sewer  intei-ceptor  should  be  provided  with  a  raking  arm  for 
cleansing  puqjoses.  .Tn  Fig.  74  an  arrangement  is  shown  by  which 
a  plug,  operated  upon  by  means  of  a  chain,  on  being  raised  provides 
Tneans  of  escape,  for  any  sewage  which  may  liave  collected  in  the 
chamber,  through  the  i-aking  arm  to  tiie  sewer.    This  arrangement 
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is  convenient,  as  it  obviates  the  necessity  of  baling  out  sewage  from 
the  chamber,  in  the  event  of  any  obstruction  occurring  in  the  discon- 
necting trap,  inasmuch  as  by  merely  pulling  the  chain  any  liquid 
which  may  have  accumulated  in  the  inspection  chamber  can  bi; 
caused  to  flow  away  into  tlie  sewer.  Fig.  74  also  shows  a  fresh-aii- 
inlet  in  connection  witli  tlie  inspection  chamber. 

It  is  not  unusual  to  find  that  the  disconnecting  trap  has  been  so 
fixed  that  its  outlet  is  at  a  somewhat  higher  level  than  its  inlet.  If 
this  be  the  case,  backing  up  of  sewage  occurs,  for  the  contained 
material  necessai-ily  stands  in  the  drain  at  the  level  of  the  outlet  of 
the  trap.  Again,  collections  of  sewage  are  caused  if  the  fall  of  the 
drain  be  not  carefully  regulated.  When  it  is  necessary  to  connect 
pipes  of  unequal  diameter — for  example,  a  4-in.  and  a  6-in.  drain — 
a  "taper  pipe"  should  be  used.  This  pipe  should  be  adjusted  so 
that  its  lower  surface,  along  which  the  sewage  flows,  and  the  corre- 
sponding surfaces  of  the  pipes  which  it  connects,  present  uniformity 
of  slope,  while  its  crown  and  sides  must  be  so  shaped  as  to  eff'ect  the 
necessary  tapering;  if  this  is  not  done  the  flow  of  sewage  in  the 
drain  will  be  interfered  with. 

Ventilation  of  House  Drains. — From  what  has  already  been  said 
regarding  the  liability  of  drain  air  to  become  absorbed  by  the  water 
of  traps  and  to  be  subsequently  given  ofi"  on  tlie  house  side  of  the 
trap,  it  will  be  seen  that  it  is  necessary  to  promote,  as  far  as 
possible,  the  circulation  of  fresli  air  in  the  house  drain,  and  to 
thus  prevent  the  accumulation  of  gases  of  putrefaction  in  it.  In 
order  to  ventilate  the  drain  a  suitable  inlet  and  outlet  should  be 
provided,  and,  with  a  view  to  bringing  about  a  flow  of  air  from  the 
one  to  the  other,  there  should  be  a  difi'erence  of  level  between 
the  inlet  and  outlet  openings;  moreover,  one  of  these  openings 
should  be  placed  at  the  liead  of  the  drain,  and  the  other  should 
be  situated  as  near  as  possible  to  tlie  point  of  communication  of 
the  drain  with  the  sewer.  In  this  way  the  air  of  tlie  whole  extent 
of  the  drain  is  continually  renewed  by  ventilation.  There  is 
advantage  in  arranging  that  the  flow  of  air  through  the  drain 
shall  be  in  the  direction  of  the  flow  of  the  drain  contents,  if  this 
is  practicable. 

The  model  by-laws  of  the  Local  Government  Board  make  the 
provision  of  two  untrapped  ventilating  openings  to  tlie  drain 
compulsory,  and  require  that  one  of  two  alternative  arrangements 
shall  be  adopted  : — 

(a)  In  the  case  where  there  is  an  open  space  belonging  to  tlie  build- 
ing and  in  front  of  it,  the  first  of  these  two  methods  can  be  employed. 
The  arrangement  specified  is  that  "  one  opening,  being  at  or  near 
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the  level  of  the  surface  of  the  ground  adjoiiiing  sucli  opening,  shall 
communicate  with  the  drains  by  means  of  a  suitable  pipe,  shaft,  or 
disconnecting  chamber,  and  shall  be  situated  as  near  as  may  be 
practicable  to  the  trap  ....  provided  between  the  main  drain,  or 
other  drain  of  the  building  and  the  sewer.  .  .  .  Such  opening 
sliall  also  in  every  case  be  situated  on  that  side  of  the  trap  which  is 
the  nearer  to  the  building.  The  second  opening  shall  be  obtained 
by  carrying  up,  from  a  point  in  the  drains,  as  far  distant  as  may  be 
practicable  from  the  point  at  which  the  first-mentioned  opening  shall 
be  situated,  a  pipe  or  shaft  vertically  to  such  a  height  and  in  sucli 
a  manner  as  effectually  to  prevent  any  escape  of  foul  air  from  such 
pipe  or  shaft  into  any  building  in  the  Adcinity  thereof,  and  in  no  case  to 
a  height  of  less  than  10  ft."  This  second  opening  can  be  provided,  in 
those  cases  in  which  the  soil-pipe  is  situated  at  the  head  of  the  di-ain, 
by  carrying  such  soil-pipe  well  up  above  the  eaves  of  the  building, 
in  a  position  removed  from  attic  windows. 

(b)  The  alternative  arrangement,  which  can  be  adopted  where  the 
front  of  the  building  actually  abuts  upon  the  street,  is  described  as 
follows : — "  One  opening  shall  be  obtained  by  carrying  up  from  a 
point,  as  near  as  may  be  practicable  to  the  (intercepting),  trap, 
....  a  pipe  or  shaft,  vertically,  to  such  a  height  and  in  such 
a  manner  as  effectually  to  prevent  any  escape  of  foul  air  from  sucli 
pipe  or  shaft  into  any  building  in  the  vicinity  thereof,  and  in  no 
case  to  a  less  height  than  10  ft.    Such  opening  shall  also 'in  every 
case  be  situated  on  that  side  of  the  trap  which  is  the  nearer  to  the 
building.    The  second  opening,  being  at  a  point  in  the  drains  as  far 
distant  as  may  be  practicable  from  the  point  at  which  such  last- 
mentioned  pipe  or  shaft  shall  be  carried  up,  shall  be  at  or  near  the 
level  of  the  surface  of  the  ground  adjoining  such  opening,  and  shall 
communicate  with  the  drains  by  means  of  a  suitable  pipe  or  shaft." 
In  giving  effect  to  this  alternative  arrangement  it  is  sometimes 
possible  to  use  a  soil  pipe  carried  up  above  the  eaves,  as  already 
described,  for  the  first  ventilating  opening,  Avhile  the  second  venti- 
lating opening  may  be  formed  by  an  untrapped  gully  in  a  back 
yard. 

The  model  bj'-law  also  provides  that  the  pipe  or  shaft  used,  in 
connection  with  either  of  these  arrangements,  as  a  ventilating  pipe, 
shall  have  a  sectional  area  "  not  less  than  tliat  of  the  drain  Avitli 
which  it  communicates,  and  not  less  in  any  case  than  the  sectional 
area  of  a  pipe  or  shaft  of  the  diameter  of  4  in."  It  further 
Hpecifies  that  "  no  bend  or  angle  shall  (except  where  unavoidable)  be 
formed  "  in  any  such  ventilating  pipe,  and  it  provides  tliat  a  grating 
or  cover,  for  the  purpose  of  preventing  any  obstruction,  sliall  bo 
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placed  over  every  ventilating  opening,  such  grating  or  cover  to  be 
so  constructed  and  fitted  as  to  secure  tlie  free  passage  of  air,  by 
means  of  a  sufficient  number  of  apertures,  of  which  the  aggregate 
sectional  area  shall  be  not  less  than  that  of  the  pipe  or  drain. 

Having  regard  to  the  extent  to  which  bends  or  angles  in  ventilating 
pipes  interfere  with  the  passage  of  air,  it  is  obvious  that  sucii 
obstructions  to  ventilation  should,  as  far  as  possible,  be  avoided. 
Again,  the  necessity  of  providing  a  ventilating  pipe  of  calibre  equal 
to  that  of  the  drain  which  it  ventilates,  is  apparent.    It  was,  a  few 
years  ago,  no  unusual  thing  to  find  ventilating  pipes  of  ridiculously 
insufficient  size  fitted  in  connection  with  house  drains.    It  is  a 
common  practice  for  the  lower  or  inlet  opening  to  a  drain-ventilating 
system  to  be  provided  with  a  mica  flap,  with  a  view  to  preventing 
the  escape  of  drain  air  from  the  opening,  while  permitting  fresh  air 
to  enter  the  drain ;  these  flaps  are,  however,  in  practice,  often  found 
to  be  out  of  order,  and  if  the  ventilating  opening  be  sufficiently 
remote  from  the  windows  of  Living  rooms,  and  placed  in  a  situation 
in  which  the  escape  of  drain  air  is  not  likely  to  cause  complaint,  it  is 
probably  better  to  omit  the  flap. 

I)rai7i-testing.— Drains  are  best  tested  by  applying  the  w-ater  test, 
the  outlet  of  the  drain  being  first  plugged  and  the  drain  then 
filled  with  water  to  the  level  of  the  highest  gully  or  other  inlet ;  any 
intermediate  opening  at  a  lower  level  will,  of  course,  also  require  to 
be  plugged.    The  drain  must  be  allowed  to  remain  charged  with 
water  for  at  least  half  an  hour.  In  laying  new  drains  this  test  should 
lie  applied  from  time  to  time,  as  the  several  lengths  of  drain  are 
completed.    In  testing  a  house-drainage  system  the  lower  end  of  the 
drain  may  be  plugged  at  the  point  where  it  enters  the  disconnecting 
chamber,  if  there  is  one,  or  it  may  be  necessary  to  open  up  the 
ground  in  order  to  expose  the  drain.    Drain  bags  made  of  india- 
rubber  or  waterproof  canvas  are  best  adapted  for  plugging  drains. 
The  pneumatic  test,  in  which  compressed  air,  supplied  from  a  force 
pump,  is   employed,  possesses   the   advantage  that   the  pressure 
applied  is  uniform  ;  whereas,  in  the  water  test  the  lower  part  of  the 
drain  is  subjected  to  greater  pressure  than  the  upper  part.  The 
smoke  test  is  often  used,  a  smoke  machine  being  employed  to  pump 
smoke,  from  oily  cotton-waste  or  other  material,  into  the  drain.  In 
employing  this  method  comparatively  little  pressure  is  brouglit 
to  bear  upon  the  drain,  and  the  test  is  not,  therefore,  .sufficiently 
searching,  at  any  rate  for  drains  laid  witliin  buildings.    Defects  in 
old  drains  may  be  detected  by  means  of  certain  olfactory  tests,  e.ff., 
hy  pouring  oil  of  peppermint  down  the  highest  water-closet,  and 
then  flushing  with  hot  water,  or  by  the  use  of  "  grenades,"  etc., 
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charged  with  a  mixture  of  asaftietida  and  phosphorus,  which  gives 
rise  to  a  readily  appreciable  odour  on  being  brought  in  contact  with 
watei-.  Such  tests  ought  not  to  be  applied  to  new  drains,  as  they 
only  reveal  gross  defects. 

Properly  laid  stoneware  drains  should  stand  a  pressure  of 
4  to  5  lbs.  to  the  square  inch ;  sometimes  in  applying  the  water  test 
the  level  is  found  to  slowly  sink,  although  no  actual  defect  can  be 
discovered.  This  may  be  due  to  imperfect  plugging  of  the  drain, 
to  the  fact  that  the  pipes  are  not  wholly  impervious  to  water  (such 
"  sweating  "  pipes  should  not  be  used),  or  to  the  occlusion  of  air  in 
branch  pipes  or  drains,  as  the  drain  is  filled  with  water,  and  subse- 
quent absorption  of  this  intercepted  air.  This  last-named  contingency 
may  be  provided  against  by  passing  a  bent  pipe  through  the  trap, 
which  prevents  the  air  escaping,  so  as  to  ensure  the  whole 
length  of  the  pipe  tested  being  filled  with  water. 

Sewers. — The  brick  sewers  originally  constructed  were  designed  to 
drain  the  subsoil  as  well  as  to  carry  away  sewage  ;  hence  they  were 
not  made  of  impermeable  materials,  and  not  only  did  subsoil  water 
enter  them,  but  sewage  matter  was  also  able  to  escape  from  them. 
Further,  they  were,  as  a  rule,  square  in  section  or  otherwise 
constructed  in  such  a  way  as  to  favour  tlie  accumulation  of  deposit. 


Fio.  76. 

Egg-»hopod  Brick  Sower  (shown  in  section). 
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Modern  sewers,  up  to  18  in.  in  diameter,  ai-e  generally  made  of 
well-glazed  stoneware  or  iron  pipes,  and  are  circular  in  section.  A 
sewer  of  more  considerable  dimensions  is,  as  a  rule,  constructed 
with  well-burnt  impervious  bricks  set  in  Portland  cement.  The 
larger  sewers  are  generally  egg-shaped  in  section,  as  this  form  offers 
great  resistance  to  external  pressure,  and  possesses  the  manifest 
advantage  that,  when  the  volume  of  sewage  is  small,  a  maximum 
scouring  effect  is  secured,  there  being  less  contact  of  the  liquid  with 
the  containing  walls,  than  would  be  the  case  if  the  sewer  Avefe 
circular  in  section.  The  floor  of  the  sewer  should  be  perfectly 
smooth  and  suitably  curved.  Stoneware  blocks  are  often  employed  in 
this  part  of  the  sewer ;  these  blocks  are  sometimes  made  hollow,  Avith 
a  view  to  providing  means  of  draining  off  subsoil  water,  but  this 
plan  is  found  to  be  attended  with  certain  disadvantages,  and  in 
particular  it  interferes  with  the  stability  of  the  sewer. 

The  gradient  of  the  sewer  should  be  designed  to  give  a  velocity 
of  not  less  than  2|  ft.  per  second  in  sewers  up  to  24  in.  diameter ;  for 
larger  sewers,  a  velocity  of  2  ft.  per  second  is  considered  sufficient. 
The  larger  the  sewer  the  less  is  the  gradient  required  to  produce  any 
particular  velocity.  Baldwin  Latham  pointed  out  that  '  'A  sewer  1 0  ft. 
in  diameter  ha^dng  a  fall  of  2  ft.  per  mile ;  a  sewer  5  ft.  in  diameter 
having  a  fall  of  4  ft.  per  mile ;  a  sewer  2  ft.  in  diameter  having  a 
fall  of  10  ft.  per  mile ;  and  a  sewer  a  foot  in  diameter,  -svith  a  fall  of 
20  ft.  per  mile,  will  all  have  the  same  velocity  of  flow;  but  the 
volume  of  sewage  in  the  10-ft.  sewer  must  be  100  times,  in  the  5-ft. 
sewer  twenty-five  times,  and  in  the  2-ft.  sewer  four  times  the  volume 
of  sewage  in  the  1-ft.  sewer."  In  each  of  the  instances  given  it  Avill 
be  noted  that  the  product,  of  the  diameter  of  the  sewer  and  the  fall 
in  feet  per  mile,  is  the  same. 

A  simple  formula  for  calculating  the  discharge  from  sewers  is 

V=  55  VwF. 

Where  V  =  velocity  in  feet  per  minute. 

D  =  hydraulic  mean  depth. 

F  =  fall  in  feet  per  mile. 
If  A  be  the  sectional  area  of  the  fluid,  V  x  A  gives  the  discharge  in 
cubic  feet  per  minute.  The  "hydraulic  mean  depth"  to  which 
reference  is  made  above  is  the  sectional  area  of  the  current  of  fluid 
divided  by  the  wetted  perimeter.  In  the  case  of  circular  pipes  the 
"hydraulic  mean  depth"  is  equal  to  one-fourth  of  the  diameter, 
whatever  be  the  sectional  area  of  the  fluid  running  in  the  pipe. 
In  egg-shaped  sewers  the  "  hydraulic  mean  depth  "  varies  according 
to  the  level  of  the  sewage  flowing  in  them.    In  the  case  of  sewers 
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constructed  on  the  ordinary  plan,  in  which  the  transverse  diameter 
is  two-tlairds  of  the  vertical  diameter,  the  "  hydraulic  mean  depth," 
when  the  sewer  is  running  full,  is  -2897  multiplied  by  the  transverse 
diameter;  when  running  two-thirds  full,  -3157  multiplied  by  the 
transverse  diameter ;  when  running  one-third  full,  -2066  multiplied 
by  the  transverse  diameter. 

The  junction  of  small  sewers  with  larger  ones  should  always  be 
made  in  such  a  way  that  the  sewage  enters  the  larger  sewer  in  the 
direction  of  flow ;  moreover,  the  points  of  junction  of  drains  with 
sewers,  or  of  small  sewers  with  large  sewers,  should  be  so  arranged 
as  to  prevent  the  "  backing  up  "  of  sewage  into  the  smaller  pipes 
when  the  large  sewer  is  running  full. 

Ventilation  openings  should  be  provided  at  frequent  intervals.  In 
the  case  of  openings  in  the  roadway  it  is  commonly  stated  that  the 
distance  between  the  ventilators  should  not  exceed  100  yards.  In 
many  streets  these  openings  are  placed  in  the  middle  of  the  road, 
directly  over  the  sewer ;  in  streets  in  which  there  is  much  traffic 
access  to  manholes  is  often  provided  from  the  pavement ;  in  narrow 
thoroughfares,  and  at  the  dead-ends  of  sewers,  ventilating  shafts, 
carried  up  so  as  to  permit  of  escape  of  the  sewer  air  at  a  point 
sufficiently  removed  from  windows,  may  be  employed  instead  of 
surface  ventilators. 

Sometimes  sewer  ventilators  are  connected  with  factory  chimneys ; 
pipes  have  also  been  carried  up  through  street  gas  lamps,  with  a 
view  to  exposing  the  sewer  air  to  the  gas  flame.  In  cases  where 
the  first-named  expedient  has  been  adopted  it  has  been  found 
that  the  aspirating  effect  of  the  chimney  is  only  appreciable  for  a 
short  distance  in  the  sewer,  for  while  much  air  is  sucked  in  at 
openings  in  the  near  neighbourhood  of  the  chimney,  the  eff"ect  pro- 
duced has  only  been  quite  local.  Again,  this  method  of  ventilating 
sewers  is  likely  to  lead  to  suction  of  water  from  the  traps  of  house- 
drains  near  the  chimney.  Deodorising  materials  have  also  been 
recommended  in  cases  where  nuisance  is  experienced  in  connection 
with  sewer  ventilators,  but  they,  too,  cannot  be  regarded  as  a  satis- 
factory means  of  disposing  of  the  difficulty  in  question.  Where  the 
sewers  are  well  constructed,  properly  flushed,  and  have  a  sufficient 
fall,  these  various  devices  are  unnecessary,  and  in  any  case  their 
adoption  only  palliates  and  does  not  go  to  the  root  of  the 
mischief. 

It  has  been  suggested  that  sewers  should  be  ventilated  by  means 
of  the  soil-pipe  ventilators  of  house  drains ;  this  would  involve  tlie 
abolition  of  the  trap  disconnecting  the  house  drain  from  the  sewer 
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and  the  method  is  open  to  great  objection.  Again,  it  lias  been  pro- 
posed to  carry  a  ventilating  pipe  np  the  side  of  the  house  from  a 
point  just  beyond  the  disconnecting  trap,  and  on  the  sewer  side  of  it. 
In  times  of  lieavy  rainfall,  however,  when  ventilation  of  the  sewer  is 
most  required,  sucli  pipes  would,  in  many  instances,  be  put  out  of 
action,  by  reason  of  the  fact  that  the  level  of  the  sewage,  in  tlie 
sewer,  rises  to  such  an  extent  as  to  close  the  opening  by  which  the 
pipe  enters ;  moreover,  owners  of  houses  naturally  object  to  affording 
facilities,  for  the  ventilation  of  the  public  sewer,  which  may  involve 
some  risk  of  nuisance  being  caused  upon  private  premises. 

The  flow  of  air  in  sewers  is  in  part  determined  by  the  flow  of  the 
sewage,  which,  to  some  extent,  draws  the  superincumbent  air  along 
with  it.  Again,  the  diff"erence  in  the  temperatures,  inside  the  sewer 
and  in  the  roadway,  tends  to  produce  interchange  of  air  through  sewer 
ventilators.  In  summer  time  the  sewer  air  is  cooler,  as  a  rule,  than 
the  outside  air ;  in  winter  time  it  is  warmer,  and  on  this  account, 
and  because  it  is  saturated  with  moisture,  the  sewer  air  tends  to  rise 
through  ventilating  openings  in  the  roadway,  wliile  the  colder 
external  air  enters  the  sewer.  Further,  the  discharge  of  warm 
liquids  into  the  sewer,  and  variations  in  the  volume  of  sewage  at 
diff'erent  times  of  the  day,  and  especially  during  periods  of  rain- 
fall, favour  the  displacement  of  sewer  air.  Finally,  variations  of 
barometrical  pressure,  and  the  aspirating  effect  of  winds  blowing 
into  or  over  openings  communicating  with  the  sewer,  are  factors 
which  influence  sewer  ventilation. 

The  air  of  well-ventilated  sewers  differs  little  in  chemical  com- 
position from  that  of  the  ordinary  atmosphere.  It  has  been 
shown,  by  Laws  and  Andrewes,  that  the  bacteria  of  sewer  air  are 
for  the  most  part  those  of  the  surrounding  atmospheric  air,  and  that 
there  is  little  tendency  for  the  bacteria  of  the  sewage  to  obtain 
access  to  the  air  of  sewers.  In  ill-ventilated  sewers,  however, 
the  contained  air,  on  chemical  analysis,  has  been  found,  in  particular 
instances,  to  present  marked  deviation  from  the  constitution  of  the 
ordinary  atmosphere.  In  certain  instances  men,  who  liave  entered 
foul  sewers,  in  which  there  was  much  putrefying  sediment  and  in 
which  the  absence  of  ventilation  had  brought  about  accumula- 
tion of  gases  of  decomposition  have  been  attacked  with  acute 
symptoms  of  poisoning  (headache,  vomiting,  purging,  etc.),  and  a 
fatal  result  lias  in  rare  cases  been  knowi  to  occur.  When  deatli 
has  been  caused  by  entering  foul  sewers,  it  seems  to  have  been  due 
either  to  poisoning  with  sulphuretted  liydrogen  gas,  or  to  asphyxia- 
tion caused  by  replacement  of  tlie  oxygen  in  the  sewer  air  by 


COLLECTION,  REMOVAL,  ETC.,  OF  EEFUSE. 


255 


carbonic  acid.    The  rair  of  a  choked  sewer  in  Paris  Avas  found  to 
contain  nearly  3  per  cent,  of   sulphuretted  liydi-ogen  and  only 
13"8  per  cent,  of  oxygen. 
Sewage  Disposal. 

1.  Discharge  into  the  Sea  or  into  the  Estuary  of  a  Large  lliver. — 
This  method  has  been  adopted  in  some  cases,  and  provided  that 
the  outfall  is  below  low-water  mark  of  the  lowest  tide,  that  the 
local  currents  are  such  as  to  carry  the  sewage  out  to  sea,  and  that 
the  discharge  is  effected  at  suitable  times,  the  system  has  not  been 
productive  of  complaint.  Float  observations  liave  been  made,  in 
pai-ticular  instances,  with  a  view  to  determining  the  direction  of 
the  local  currents,  and  the  point  at  Avhich  the  sewage  outfall  may 
with  advantage  be  placed.  Difficulty  is  experienced,  of  course,  from 
the  fact  that  the  sewage  is  continually  flowing,  and  that  it  can  only 
be  discharged  at  certain  states  of  the  tide.  To  meet  this  difficulty 
storage  reservoirs  have,  in  some  instances,  been  employed.  The  risk 
attendant  upon  adoption  of  the  method  of  disposal  in  question  is,  of 
course,  much  greater,  where  tidal  estuaries  are  concerned,  than  it  is 
in  places  situated  on  the  sea  shore,  as  in  the  former  case  the 
tendency  usually  is  for  the  sewage  to  be  brought  back  by  the 
incoming  tide,  and  for  a  contaminated  "sewage  zone"  to  be  formed 
in  the  estuary. 

2.  Precipitatioii  Methods. — Many  chemical  substances  have  been 
employed  for  the  treatment  of  sewage.  Lime,  sulphate  of  alumina, 
and  protosulphate  of  iron  enter  into  the  composition  of  most  of  these. 
In  the  "  lime  process  "  thoroughly  slaked  pure  lime  is  employed  in 
the  proportion  of  1  ton  of  lime  to  each  1,000,000  gallons  of  sewage; 
insoluble  carbonate  of  lime,  and  compounds  of  lime  and  organic  matter 
are  precipitated,  and  collect  on  subsidence,  constituting  "sludge." 
If  the  sludge  and  effluent  become  too  markedly  alkaline,  putre- 
faction is  favoured.  Sulphate  of  alumina,  when  added  to  sewage, 
is  decomposed,  and  a  flocculent  precipitate  of  hydrate  of  alumina  is 
formed,  which  tends  to  carry  down  with  it  tlie  suspended  organic 
matter  in  the  sewage.  Protosulphate  of  iron  has  also  been  used, 
generally  in  connection  with  lime  treatment ;  here,  too,  a  flocculent 
precipitate,  in  this  case  of  hydrated  protoxide  of  iron,  is  thrown 
clown,  carrying  with  it  the  suspended  organic  matter.  In  the  treat- 
ment of  the  metropolitan  sewage,  lime  3-7  grains,  and  protosulphate 
of  iron  1  grain,  per  gallon  of  sewage,  have  been  largely  employed ; 
after  precipitation,  manganate  of  soda  and  sulphuric  acid  have  been 
added  to  diminisli  ofl^ensive  smell.  The  sulpliate  of  iron  checks  putre- 
faction, but  its  use  is  attended  witli  the  disadvantage  tliat  the" 
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effluent  is  likely  to  produce  an  unsightly  black  deposit  of  sulphide 
of  iron. 

The  "ABC  process"  consists  in  the  addition  to  the  sewage 
of  a  mixture,  the  chief  ingredients  of  which  are  aluin,  clay,  and 
charcoal ;  in  some  instances  a  small  quantity  of  blood  is  also  added. 
The  sludge  obtained  in  this  process,  having  been  pressed  in  filter- 
presses  and  dried,  can,  it  is  said,  be  readily  sold  as  manure,  but  the 
effluent  is  liable  to  undergo  secondary  decomposition,  and  the  cost 
is  greater  than  when  lime  alone  is  employed.   In  the  "  Ferrozone  and 
Polarite  process"  the  material  called  ferrozone  (which  consists  largely 
of  protosulphate  of  iron)  is  used  for  precipitation  purposes,  and  the 
effluent  is  then  filtered  through  polarite  (magnetic  oxide  and  carbide 
of  iron  with  silica,  lime  and  alumina).    In  the  "Amines  process", 
a  mixture  of  lime  and  herring  brine  is  employed,  the  trimethylamine 
contained  in  the  latter  is  said  to  produce  a  "soluble  gas  antagonistic 
to  micro-organisms." 

The  "  Hermite  process  "  may  be  here  referred  to,  as,  though  not, 
strictly  speaking,  a  precipitation  method,  the  principle  resembles  that 
adopted  in  the  chemical  processes  of  treatment,  in  that  deodorisation 
and  sterilisation  of  the  sewer  contents  are  the  objects  aimed  at. 
The  system  depends  on  the  employment  of  electrolysed  sea-water  for 
flushing  water-closets,  etc.,  and  as  the  liquid  used  possesses  some 
disinfecting  powers,  in  virtue  of  the  presence  of  chlorine,  or  of 
some  chlorine-containing  body,  it  is  found  that  the  number  of 
micro-organisms  in  the  effluent  shows  marked  reduction,  and  that 
the  tendency  to  decomposition  is  materially  influenced.  Soap  and 
domestic  waste,  however,  appear  to  prejudice  the  activity  of  the 
liquid,  and  the  discharge  of  an  effluent  containing  free  chlorine  mto 
rivers'is  open  to  objection.    Moreover,  the  process  is  expensive. 

"  Webster's  process  "  consists  in  directly  electrolysing  the  sewage, 
which  is  made  to  pass  through  channels  containing  the  necessary 
appliances.  At  the  positive  pole  (the  electrode  used  is  an  iron  plate), 
chlorine  and  oxygen  enter  into  combination  with  iron,  and  tlie  iron 
salts  formed  in  the  solution  are  said  to  act  as  carriers  of  oxygen,  and 
thus  to  oxidise  the  organic  matter  of  the  sewage,  while  deodorisation 
is  facilitated  by  absorption  of  sulphuretted  hydrogen,  probably  by 
the  carbonate  of  iron  present.  The  number  of  micro-organisms  m 
the  effluent  is  greatly  reduced,  but  the  method  is  a  costly  one. 

In  connection  with  all  these  methods  difficulties  are  experienced 
both  as  regards  securing  a  sufficiently  purified  effluent  and  devising 
an  economical  means  of  disposing  of  the  sludge. 

The  Rivers  Pollution  Commissioners  laid  down  the  following 
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standards  as  being  those  vnth  which  a  sewage  effluent  discharged 
into  a  river  should  comply  : —  * 

Maximum  Impueity  in  Parts  per  100,000. 


Dry  mineral 
matter  in 
suspension. 

Dry  organic 
matter  in 
suspension. 

Colour. 

In  solution. 

Organic 
carbon. 

Organic 
nitrogen. 

Any  metal  except 
calcium,  mag- 
nesium, potas- 
sium, or  sodium. 

Arsenic. 

Chlorine. 

Ed  CO  1  . 

'a  =°  fe'S 
^  ca  o  p. 

3 

1 

Any  colour 
in  one  inch 
stratum  in  a 
white  vessel 

2 

0-3 

2 

•05 

1 

1 

The  "  organic  ammonia  "  is  often  appealed  to  as  a  test  of  a  good 
effluent;  it  should  not  exceed  •IS  per  100,000.    The  "oxygen 
absorbed"  in  four  hours  at  80°  F.  ought  not  to  amount  to  more 
than  1-5  parts  per  100,000.    The  percentage  of  dissolved  organic 
pollution  removed,  expressed  in  parts  of  permanganate  of  potash 
reduced,  is   a   criterion  now  commonly  applied.    A  satisfactory 
effluent  should  be  devoid  of  fjecal  odour,  and  not  be  liable  to 
undergo  secondary  decomposition.    The  study  of  sewage  effluents 
from  the  bacteriological  side  has  only  recently  been  commenced. 
Houston  has  drawn  attention  (British  Medical  Journal,  December 
21st,  1901)  to  the  delicacy  and  importance  of  certain  bacteriological 
tests.    The  significance  of  the  presence  of  streptococci,  as  an  indication 
of  recent  pollution  by  animal  organic  matter,  has  been  clearly  demon- 
strated by  his  experiments.    Numerous  analyses  given  by  the  Rivers 
Pollution  Commissioners  showed  that  the  chemical  methods  in  use 
at  the  time  of  their  report  only  removed,  on  an  average,  about  90 
per  cent,  of  the  suspended  matters  of  sewage,  and  36  per  cent,  of 
the  organic  nitrogen  dissolved  in  it.     (The  organic  nitrogen'  in 
sewage  is  generally  about  2  parts  per   100,000.     See  p.  227.) 
Thus,  the  adoption  of  these  methods  implied  of  necessity  some  system 
of  dealing  with  sludge,  and,  as  a  rule,  application  of  the  effluent 
to  land,  with  a  view  to  further  purification,  before  allowing  it 
to  be  discharged  into  a  watercourse. 

The  sludge  question  has  been  termed  the  "  bete  noir  of  all  precipi- 
tation systems."  The  attempt  has  been  made  to  partially  sepa- 
rate the  water  from  the  sludge,  as,  for  example,  by  the  use  of 
a  "  filter  press,"  and  to  then  dry  it,  or  mix  it  with  ashes  pro- 
ducing a  compost  which  can  be  sold  as  manure.    Again,  the  sludge 
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has  been  burnt  in  a  deHtructor  (at  Ealing),  it  has  been  proposed  t« 
make  it  into  cement,  and  it  has  been  dug  into  the  land.  The 
value  of  the  sewage  manures  obtained  from  sludge  is  small;  they 
contain,  as  a  rule,  a  considerable  percentage  of  substances  of  no 
manurial  value,  and  the  nitrogen,  for  the  most  part,  is  not  present 
in  them  in  readily  assimilable  form.    The  sewage  cement  process, 
too   has  been  found  to  be  financially  impracticable.    The  sludge 
from  the  metropolitan  sewage  has  been  pumped  into  specially  con- 
structed steamships,  and  carried  for  some  distance  down  the  Thames 
estuary  and  there  discharged.  ...    ^  j 

3.  Filtration  through  Land.-T\.e  system  of  "  intermittent  down- 
ward filtration"  consists  in  "the  concentration  of  sewage  at  short 
intervals  on  an  area  of  specially  chosen  porous  ground,  as  .matt  as 
^vill  absorb  and  cleanse  it,  not  excluding  vegetation,  but  making  the 
produce  of  secondary  importance."    The  land  is  drained  to  6  or  8  ft 
ie   to  a  greater  depth  than  where  "broad  irrigation    is  practised 
the'  drain!,  too,  are  placed  at  more  frequent  -^^"^ 
in  broad  irrigation;   the  soil,  moreover,  must  be  hght  and  well 
brok  n  up.    In  the  application  of  this  system  the  Rivers  Pollution 
Cotrissioners  estimated  that  one  acre  would  be  necessary  for  the 
se7a.e  of  2,000  persons.     If  the  sewage  has  been  subjected  to 
prlXs  treltment,  a  smaller  quantity  of  land,  m  proportion  to 
r+ln  may  suffice.    On  the  other  hand,  the  estimate  is  a  lo^v 

one  acre  for  700  persons  has  been  sug- 
one  for  untre^ed  se    g  ,  ^^^^        ^^^^^  ^^^^^^^^ 

gested  as  a  limit,  ana  piuucu  ^  r  filtration 

+«ken  as  nearer  the  mark  than  one  acre  per  2,000     The  tiltration 

'"Ttbrb:™Tmr„/  ,  connection  ,vith  this  .ystan  o£  sewage 
CLenUs  r/the  surface  of  the  land  mter  should  be  frequently 

'-r):zt::^ri:^^     of . 

we  »uAce  of  ordinary  agricultural  ground   hav.ng  m  v,e»  » 
vimum  mowth  of  vegetation  (consistently  with  due  punflcat.on) 
maximum  gro  vtn  o     g  \^  successful  sewage  farmmp 

1        T^-  the  sewage  should  undergo  preliminary  stramnig,  a«l 
T  Td  bTalked  aXsh  a,  possible.    On  an  average  about  one  acr. 
trIooCsomIs  found  necessary  for  the  practice  of  irrigation  :  » 
goydonfoTe  "creper  200  persons;  and  atBerlin,  oneaere  forabout  loO 
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persons  is  allowed.  In  the  case  of  Berlin  the  area  of  land  covered 
by  the  sewaf^e  works  exceeds  thirty  square  miles,  though  only 
about  half  this  area  is  actually  laid  out  for  irrigation ;  ryegrass  is 
chiefly  cultivated,  but  wheat,  barley,  oats  and  roots  are  also  grown. 
Sewage  farming  is  extensively  practised  in  the  neighbourhood  of 
Paris,  the  farm  at  Gennevilliers  having  been  at  work  for  many  years 
with  considerable  success;  the  area  of  land  under  cultivation  has, 
moreover,  been  recently  greatly  extended. 

The  main  difficulty  in  connection  with  irrigation  is  that  of 
securing  a  satisfactory  effluent  during  rainstorms ;  in  some  instances 
a  part  of  the  farm  has  been  laid  out  as  a  closely  drained  filter  bed, 
with  the  object  of  rapidly  dealing  with  excess  of  storm  water.  The 
configuration  of  land  and  the  favouring  conditions  of  soil  necessary 
for  successful  sewage  farming  are,  of  course,  only  found  in  certain 
localities,  and,  where  pumping  has  to  be  extensively  resorted  to,  the 
expense  is  greatly  enhanced.  A  stiff  clay  soil  is  eminently  un- 
favourable for  treatment  by  irrigation ;  the  best  soil  is  said  to  be 
a  friable  loam,  and  porous  soils  generally  are  to  be  preferred  to 
retentive  soils;  in  the  case  of  chalk  soils,  more  particularly,  there  is 
risk  of  sewage  obtaining  access  to  fissures  and  so  polluting  water 
supplies. 

The  subject  of  risk  of  spread  of  disease  in  connection  with  sewage 
farms  has  received  much  attention.    Enteric  fever  has  in  a  few  cases 
been  attributed  to  effluvia  from  these  farms,  but  in  one  or  two 
instances,  m  which  the  question  has  been  carefully  inquired  into,  it  has 
transpired  that  the  probable  source  of  infection  was  the  consumption, 
by  the  persons  attacked,  of  sewage-contaminated  water.  Dysentery 
has  also  been  attributed  to  effluvia  from  sewage-irrigated  land 
The  population  li.-ing  in  the  neighbourhood  of  well-managed  farms 
does  not  appear,  however,  to  suffer  from  tliese  diseases,  or  from 
other  diseases  which   could   be  thought  of  as  being  caused  by 
•sewage  effluvia.     The   experience   of  the   Berlin   sewage  farms 
may  be  specially  referred  to  as  pointing  in  this  direction.    In  the 
«arly  days  of  sewage  farming  it  was  anticipated  that  tape-worms  and 
round-worms  would  obtain  access  to  the  human  alimentary  canal  to 
an  increasing  extent,  as  the  result  of  the  application  of  liquid 
sewage  to  land.    Instances  of  infection  traced  to  this  source  have 
not,  however,  been  forthcoming,  and  this  fact  has  been  attributed 
to  the  alkalinity  of  the  sewage,  for  the  ova  of  tliese  parasites 
-naturally  undergo  development  in  an  acid  medium.    In  no  instance 
Has  the  consumption  of  vegetable  produce  from  sewage  farms  in  this 
<!Ountry,  been  definitely  found  to  liave  produced  disease  in  man  and 
even  where  cattle  have  been  pastured  on  sewage  farms,  and  their 
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milk  subsequently  distributed,  no  harmful  result  appears  to  have 
been  observed.  An  epidemic  of  "  entero-<;olitis,"  which  occurred  at 
an  asylum  in  France,  was  attributed,  in  1889,  to  Trichocephcdus, 
wliich  Avas  supposed  to  have  been  communicated  by  consumption  of 
ve-etables  watered  with  sewage  water.  The  risk  of  contammation 
of  water  supplies  derived  from  formations,  in  which  the  existence  of 
fissures  may  lead  to  pollution  of  deep  wells,  is  one  carefully  to  be 
borne  in  mind  ;  such  contamination  is  said  to  have  occurred  m  at 

least  one  instance. 

5.  Biological  Purification.— In  what  is  termed  the  biological  treat- 
ment of  sewage,  the  aim  is  not  to  arrest  but  to  favour  decomposition  ; 
endeavour  is  made  to  so  control  the  sequence  of  changes,  however, 
as  to  prevent  nuisance,  and  yet  attain  the  desired  purification.. 
The  discovery,  in  1877,  by  Schlbsing  and  Muntz,  of  the  fact  that 
nitrification  is  accomplished  by  the  agency  of  bacteria,  first  directed 
attention  to  the  necessity  of  studying  the  behaAnour  of  micro- 
organisms in  relation  to  putrefaction;  but  it  was  not  until  a  series 
of  experiments  was  conducted  by  the  State  Board  of  Health  of 
Massachusetts,  in  1888  and  succeeding  years,  that  the  subject  ot 
bacterial  groAvth  in  connection  with  the  purification  of  sewage 
was  seen  to   be  assuming  especial  importance.    In  1891,  Scott 
Moncrieff'  attempted  to  solve  the  question  of  producing  hquefaction 
of  the  solid  matters  in  sewage  by  bacterial  agency,  and  m  189^ 
he  introduced  his  "  cultivation  tanks,"  in  which  sewage  was  allowed 
to  enter  at  the  lower  part  of  a  filter  bed  filled  with  flint,  coke  and 
gravel     The  suspended  matters  in  the  sewage  were  held  back  by 
the  filter,  and  to  a  large  extent  "  peptonised,"  the  effluent  sewage 
escaping,  from  the  upper  part  of  the  tank,  being  practically  free 
from  suspended  matter.    With  a  Adew  to  further  impro^ang  this 
effluent  by  oxidisation  and  the  action  of  micro-orgamsms,  it  was 
passed  doAvn  a  series  of  "  nitrification  channels."    More  recently, 
Scott  Moncrieff  has  attempted  to  secure  greater  aeration  of  the 
effluent  by  various  devices.    Dibdin,  in  1891-95,  made  a  series  of 
experiments  with  regard  to  the  downward  filtration  of  sewage 
through  coarse  filter  beds;  he  experimented  with  the  metropolitan 
sewage,  and  at  Sutton  his  method  of  treatment  was  put  m  practice 
on  a  large  scale,  and  it  has  since  been  adopted  elsewhere. 

In  1895,  Mr.  Donald  Cameron,  the  City  Surveyor  of  l.xeter, 
introduced  what  is  known  as  the  "septic  tank."  He  applied  the 
principle  of  subjecting  sewage  to  preliminary  ^reatmen  in  a 
receptacle  covered  to  exclude  the  light  and  as  far  as  PO- the 
air.  The  incoming  sewage  was  delivered  below  water  lev  e^  and 
the  outlet  was  also  submerged;  the  passage  of  material  through 
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the  tank  Avas,  moreover,  slowly  accomplished,  and  disturbance  of 
the  upper  layers  of  the  liquid  was,  as  far  as  possible,  avoided.  Under 
these  circumstances  it  was  found  that  no  sludge  collected  in  the 
tank,  only  a  thin  layer  of  black  earthy  matter  being  formed.  A 
scum  develops  on  the  surface  of  the  sewage ;  and  here  aerobic  micro- 
organisms are,  no  doubt,  actively  at  work,  wliile,  in  the  deeper  layers 
in  the  tank,  anaerobic  organisms  may  be  assumed  to  be  carrying 
on  the  process  of  liquefaction  of  suspended  matter.  On  leaving 
the  septic  tank,  through  an  opening  placed,  so  as  to  exclude 
the  surface  scum,  somewhat  below  the  level  of  the  sewage  in  the 
tank,  the  effluent  is  made  to  flow  in  a  thin  stream  into  an  "  aerator," 
and  thence,  by  means  of  automatic  alternating  gear,  it  is  turned  on 
to  first  one,  then  another,  of  a  series  of  coke-breeze  filters.  By  this 
method  not  only  is  the  suspended  matter  practically  entirely  re- 
uioved,  but  the  septic  tank  treatment  alone  is  found  to  give  "  29 
per  cent.  "  purification  as  against  the  Kivers  Pollution  Commissioners' 
mean  result,  of  28-4  per  cent,  removal  of  organic  carbon,  by  all  the 
best-known  chemical  methods ;  the  filters,  moreover,  "  yield  73  per 
cent,  purification  on  the  tank  effluent." 

It  has  been  pointed  out  that  this  anaerobic  treatment  of  the  sew- 
age is  really  a  development  of  the  old  cesspool  system;  for  it  is 
well  known  that  the  amount  of  deposit  which  collected,  during  a 
long  period  of  time,  in  the  old  underground  cesspool  was  quite  small 
in  proportion  to  the  total  quantity  of  suspended  matter  in  the  sew- 
age discharged  into  the  cesspool. 

Colonel  Ducat,  in  1897,  devised  an  "  aerated  bacterial  self-acting 
filter."  In  this  appliance,  it  is  sought  to  secure  liquefaction  and 
purification  of  sewage  by  a  "continuous  filtration"  process.  The 
walls  of  the  filter  are  constructed  with  agricultural  drain-pipes, 
having  a  slight  fall  towards  the  interior ;  thus  the  wind  can  blow 
through  the  pipes  and  aeration  is  promoted,  the  idea  of  an 
anaerobic  treatment  of  the  sewage  being  quite  abandoned;  the 
material  through  which  the  .sewage  percolates  is  coarse  at  the  top 
and  fine  at  the  bottom ;  a  method  of  warming  the  filter  in  winter  has 
been  also  devised. 

A  number  of  experiments  with  regard  to  filtration  of  sewage 
have  been  conducted  by  Clowes  and  Houston  at  tlie  Metropolitan 
Outfalls.  A  single  coke  bed  was  used,  and  experiments  were  also 
made  in  which  the  effluent  from  one  coke  bed  was  afterwards 
subjected  to  further  treatment  in  a  second  coke  bed.  Clowes,  in 
reporting  on  operations  conducted  in  the  summer  of  1898,  concluded 
that  "  by  substituting  a  single  coke  treatment  for  chemical  treat- 
ment the  effluent  sewage  discharged  into  the   river  would  be 
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completely  free  from  HUHpended  impurity,  and  would  possess  a  purity 
as  regards  dissolved  putrescible  matter  of  51-3  per  cent,  as  compared 
with  16-9  per  cent,  in  the  present  effluent,  representing  an  improve- 
ment of  67-1  per  cent. ;  if  discharged  after  double  treatment  in  the 
coke  beds,  the  percentage  improvement  on  the  chemical  effluent 
would  be  7o-6." 

In  these  experiments  gas  coke  in  pieces  about  the  size  of  wal- 
nuts was   employed.     Some   reduction  in   the   capacity   of  the 
coke  bed  was  found  to  occur  with  continued  use;  this  reduction 
of  capacity  "  appears  to  be  mainly  due  to  fragments  of  straw  and 
chaff,   apparently  derived  from  horse-dung,  and  to  woody  fibre 
derived  from  the  wear  of  wood  pavements."    As  regards  the  quan- 
tity of  sewage  dealt  with,  this  originally  amounted  to  550,000. 
-allons  per  acre  per  day  for  the  4-ft.  coke  bed,  and  to  832,o00 
aallons  per  acre  per  day  for  the  6-ft.  coke  bed;  these  amounts 
were  reduced  after  ten  months'  working  to  370,000  and  637,400 
respectively.  It  was  found  that  rather  more  than  1  i  million  gallons  per 
acre  per  day  were  dealt  with  when  the  6-ft.  coke  bed  was  filled  twice 
daily     Moreover,  experiments  were  later  made  wath  coke  beds  of 
greater  depth  (in  particular  with  a  13-ft.  bed),  and  Clowes  writes: 
"If  the  satisfactory  working  of  the  13-ft.  bed  is  maintained,  it 
will  treat  a  volume  of  sewage  equal  to  at  least  31  miUion  gallons 

per  day."  ,11..  x 

Houston  carefully  investigated  the  effect  of  the  method  of  trea^ 
ment  adopted  from  the  bacteriological  point  of  view.    He  selected 
Bacillas  coli  and  Bctcillus  enterltkUs  sporogenes  as  types  specially 
suited  for  the  purpose  of  his  inquiry,  and  he  found  that  the  number 
of  colonies  of  these  organisms,  obtainable  from  the  effluents,  was  very 
nearly  as  large  as  in  the  case  of  the  crude  sewage.    His  researches  led 
him  to  the  conclusion  that  "  it  is  doubtful  if  any  bacterial  process,  in 
practical  operation  at  the  present  time,  'treats'  or  'detains  the 
sewage  for  a  sufficiently  long  period  to  allow  of  the  complete 
destruction  of  all  the  pathogenic  germs  by  bacterial  agencies.  He 
ascertained  that  a  microbe  which  he  called  the  "sewage  Proteus 
passed  through  the  filter   in  practically  undiminished  numbers; 
he  further  isolated  from  the  coke  bed  effluent  "a  highly  viru- 
lent strain  of  Brccillus  pyoc^/aneus."   He  found,  moreover,  that  bacilli 
indistinguishable  morphologically  from  the  tubercle  bacillus  were 
present,'in  the  deposit  on  the  coke  fragments,  and  could  be  demon- 
strated bv  centrifugalising  large  quantities  of  crude  sewage  and 
effluents,  staining  with  carbol-fuchsin,  and  then  decolourising  with 
nitric  acid.    Iiioculation  experiments  gave  a  positive  result  in  only 
instance,  and  it  was  concluded  "that  even  if  some  of  the  '  acid- 
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fast '  bacteria  collecting  in  the  coke  beds  are  those  of  the  tubercle 
bacillus,  they  have  for  the  most  part  lost  their  infective  power." 

Houston  points  out  that  "  in  certain  cases  it  may  be  imperative 
to  obtain  an  effluent  bacteriologically  sound,  but  it  does  not  follow 
that  a  similar  result  is  urgently  called  for  in  other  cases,  as,  for 
example,  where  an  effluent  is  turned  into  a  watercourse,  which  is 
not  used  for  drinking  purposes,  and  which  already  may  contain 
practically  all  the  bacteria  that  are  found  in  sewage."  He  adds : 
"  No  doubt  the  question  will  eventually  have  to  be  faced — Are  the 
advantages  gained  by  chemical  purification  sufficiently  great  to  out- 
weigh the  possible  danger  arising  from  the  discharge  of  an  effluent 
bacteriologically  unsound  into  the  river  Thames  ? " 

In  1898  a  Royal  Commission  was  appointed  to  make  inquiry  con- 
cerning methods  of  treating  and  disposing  of  sewage  which  may 
properly  be  adopted.  The  Commissioners  prepared  an  interim  report 
in  1901.  In  the  first  place,  with  reference  to  the  alleged  unsuit- 
ability  of  certain  sorts  of  land  for  the  purification  of  sewage,  they 
arrived  at  the  conclusion,  while  doubting  whether  any  land  is  en- 
tirely useless,  that  peat  and  stiff  clay  lands  are  generally  unsuitable. 
Secondly,  as  regards  artificial  processes,  they  found  it  was  prac- 
ticable, by  their  use,  to  produce  "  effluents  which  will  not  putrify, 
which  would  be  classed  as  good  according  to  ordinary  chemical 
standards,  and  which  might  be  discharged  into  a  stream  without 
fear  of  creating  a  nuisance "  ;  they  concluded,  therefore,  "  that 
there  are  cases  in  which  the  Local  Government  Board  would 
be  justified  in  modifying,  under  proper  safeguards,  the  present 
rule  as  regards  the  application  of  sewage  to  land."  Thirdly, 
they  held  the  general  protection  of  rivers  to  be  a  matter  of  such 
grave  concern  as  to  demand  the  creation  of  a  separate  Commission, 
or  a  new  department  of  the  Local  Government  Board,  which  should 
be  a  Supreme  Rivers  Authority,  with  powers  to  act  in  default  of 
local  authorities. 


CHAPTER  VII. 


DWELLINGS,  SCHOOLS,  AND  HOSPITALS. 

The  conditions  which  influence  the  healthiness  of  the  habitation 
are — (a)  Those  of  its  site  and  surroundings,  "with  which  may  be 
included  suc^i  arrangements  of  streets  and  neighbouring  houses, 
as  afi'ect  the  lighting  and  ventilation  of  the  dwelling.  (b)  The 
structural  details  of  the  habitation  itself,  including  among  these  not 
only  questions  of  stability  and  of  dryness  of  foundations,  walls,  and 
roofs,  but  also  means  of  sewerage,  refuse  disposal,  and  water  supply, 
and  those  points  of  construction  which  have  concern  with  the  preven- 
tion of  fire.  The  provision  of  adequate  means  of  escape  for  the 
occupants,  in  the  event  of  fire  occurring,  is  a  point,  too,  which  needs 
consideration  in  connection  with  building  regulations. 

Site  and  Sureoundings. 

Sites. — The  subject  of  soil  in  relation  to  houses  has  been  already 
referred  to.  In  the  country,  especially,  it  is  important  that  atten- 
tion should  be  directed  to  drainage  of  the  subsoil  of  the  site,  and 
a  situation  on  rising  ground  and  in  the  neighbourhood  of  trees, 
but  not  unduly  obstructed  by  them,  is  to  be  preferred,  as  presenting 
especially  favourable  conditions  in  this  respect.  Other  things  being 
equal,  it  is  best  to  have  an  east  or  south-east  aspect  for  the  front 
rooms,  as  in  that  case  the  maximum  efi"ect  of  sunlight,  on  the  front 
and  back  of  the  house,  is  secured. 

The  character  of  the  soil  underlying  the  house  needs  to  be 
particularly  attended  to;  the  model  by-law  of  the  Local  Govern- 
ment Board  prohibits  the  erection  of  a  new  building  "upon  any 
site  which  shall  have  been  filled  up  Avith  any  material  impreg- 
nated with  any  animal  or  vegetable  matter,  or  upon  whicli  any 
.such  matter  may  have  been  deposited,  unless  and  until  sucli 
matter  shall  have  been  properly  removed,  by  excavation  or  other- 
wise, from  such  site."  Land  which  has  been  used  for  the  deposit 
of   such  material   is  Avholly   unfit   for    building   purposes,  and 
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effluvia,  which  can  sometimes  be  appreciated  by  the  sense  of  smell, 
are  given  off  from  such  sites  for  a  considerable  period.  Burdon- 
Sanderson  and  Parkes  made  a  number  of  experiments,  some  years 
ago,  with  the  object  of  determining  the  effect  of  time  upon  organic 
matter  and  cinder  refuse  which  had  been  used  to  fill  up  inequalities 
in  the  gx-ound.  They  found  that  decay  of  the  most  easily  de- 
structible matters  was  completed  in  about  three  years,  but  in  the 
case  of  more  resistant  materials,  such  as  wood  and  woollen  cloth, 
the  process  was  more  prolonged. 

In  any  case  the  site  of  the  dwelling  should  be  properly  asphalted, 
or  covered  with  a  layer  of  good  cement  concrete,  rammed  solid,  and 
at  least  six  inches  thick ;  the  object  of  this  precaution  being  to  pre- 
vent the  passage  of  moisture  and  ground  air,  from  the  soil  beneath, 
into  the  interior  of  the  dwelling.  "Where  the  rooms  in  the  lowest 
storey  have  boarded  floors,  it  is  the  practice  to  require  that  there 
shall  be  provided,  between  the  under  side  of  the  floor  joists  and 
the  upper  surface  of  the  asphalt  or  concrete,  a  clear  space  of  three 
inches  at  the  least,  in  every  part ;  this  space  should  be  thoroughly 
ventilated  by  air  bricks,  or  in  some  other  effectual  manner.  In  some 
codes  of  by-laws  covering  with  concrete  is  not  insisted  upon,  pro- 
vided the  site  is  dry  and  the  subsoil  unpolluted.  In  such  cases  the 
model  by-law  of  the  Local  Government  Board  prescribes  that  the 
ventilating  space  beneath  the  floor  boards  shall  be  at  least  nine 
inches  in  depth ;  this  involves  fully  two  or  more  additional  courses 
of  bricks  in  the  walls  of  the  building,  and  thus  very  little  saving  is 
effected  by  the  omission  of  the  concrete. 

Open  Space  about  Buildings. — In  towns  more  particularly, 
the  question  of  the  amount  of  open  space  provided  in  front  and  at 
the  rear  of  dwellings  is  apt  to  assume  importance,  inasmuch 
as,  where  building  land  is  especially  valuable,  there  is  a  natural, 
tendency  to  cover  the  ground  to  the  greatest  extent  permitted,  and 
thus  to  interfere  with  the  proper  lighting  and  ventilation  of  houses. 
The  desirability  of  adequately  lighting  inhabited  rooms  has  been  long 
recognised.  There  is  an  old  proverb  to  the  effect  that  where  the  sun 
never  enters  the  doctor  always  does,  and  modern  knowledge  concern- 
ing the  circumstances  which  favour  the  development  of  micro-organ- 
isms, and  the  way  in  Avhich  exposure  to  sunlight  destroys  disease  germs, 
has  led  to  increasing  recognition  of  the  value  of  liglit  as  a  disinfecting 
agent.  It  is  not  merely  necessary  that  living-rooms  should  be  ade- 
quately lighted  (some  attempt  to  secure  this  result  has  been  made  in 
the  past  for  obvious  reasons),  but  staircases,  bedrooms,  and  indeed  any 
part  of  the  house  which  may  afford  opportunity  for  the  connnunica- 
tion  of  impurity  in  the  form  of  dust  to  tlie  atmosphere  of  the  dwelling, 
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should  also,  as  far  as  practicable,  be  exposed  to  the  action  of  light. 
Just  as  it  is  necessary  to  avoid  dark  enclosures  and  corners,  so  it  in 
important  that  circulation  of  air  should,  as  far  as  possible,  be  secured, 
and  that  completely  circumscribed  "  shafts "  and  "  wells  wliich 
would  permit  of  the  collection  of  stagnant  columns  of  air,  and 
such  arrangement  of  tenements  as  would  interfere  with  the  proper 
renewal  and  interchange  of  the  air  of  the  rooms,  should  be  avoided. 

In  the  past  but  little  attention  was  paid  to  such  questions; 
it  was  common  to  form  culs-de-sac,  dead-ends,  which  prevented 
air  movement,  and  led  to  more  or  less  stagnation  of  the  air  in 
front  of  the  houses  approached  from  the  oul-de-sac.    Again,  it  was 
a  frequent  practice  to  cause  a  court  to  be  entered  by  a  narrow  pas- 
sage-way overarched  by  a  portion  of  a  house  fronting  upon  a  main 
street.    Such  courts  were  themselves,  in  many  instances,  far  too 
narrow,  and  often  ended  blindly,  so  that  the  air  contained  in  them 
was  practically  almost  stagnant.  In  towns,  where  land  was  especially 
valuable,  but  little  space  was  left  at  the  rear  of  buildings,  and  work- 
shops or  cottages  have  been  in  numerous  instances  erected  upon  the 
ground  originally  intended  to  be  the  back  yard  of  a  house;  in 
many  cases  such  back  cottages  not  only  possessed  no  means  of 
through  ventilation,  but  they  were  dependent  for  their  air-supply 
upon  the  well  of  stagnant  atmosphere  situated  between  them  and  the 
front  house,  and  by  their  presence  they  materially  interfered  with 
the  ventilation  of  the  latter.    Moreover,  the  back  rooms  of  the  front 
building  and  the  rooms  of  the  cottage  at  the  rear  were  mutually 
darkened  by  the  close  proximity  of   the   two  buildings  to  one 
another. 

As  regards  the  space  in  front  of  houses,  the  model  by-laws  pre- 
scribe a  minimum  width  of  36  feet  for  a  street  more  than  100  feet 
in  length,  or  one  which  is  used  as  a  carriage-way,  while  m  any 
circumstances  it  is  required  that  a  street  forming  the  prmcipaL 
approach  or  means  of  access  to  a  building  shall  be  at  least  24  feet  in 
width.  The  London  Building  Act,  1894,  empowers  the  County 
Council  to  refuse  to  sanction  plans  for  streets  formed  for  carnage 
traffic  of  less  width  than  40  feet  clear,  and  for  those  formed  for  foot 
traffic  of  less  width  than  20  feet  clear.  Moreover,  the  width  ot 
certain  new  streets,  not  within  two  miles  of  St.  Paul  s  Cathedral, 

may  be  required  to  be  60  feet.  i    «     *  f 

With  the  object  of  securing  adequate  open  space  m  the  front  otneNv 
domestic  buildings,  the  model  by-laws  prescribe  that  throughout  the 
whole  line  of  frontage  of  any  such  building  there  shall  be  an  open 
space  extending  to  a  distance  of  24  feet  at  least,  free  ^o"^  '^'^7;;;^^*;';;;^ 
(other  than  porticoes,  steps,  etc.,  not  exceeding  7  feet  in  height).  Huh 
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clause  secures,  on  the  re-erection  of  domestic  buildings  in  streets  of 
less  than  24  feet  in  width,  the  Avidening  of  such  streets.  It  has  been 
found,  however,  that  the  clause  presses  unduly  upon  the  first  person 
who  reconstructs  on  one  side  of  a  narrow  street,  as  he  has  to  set  back 
so  as  to  secure  the  24  feet  of  open  space,  while  his  opposite  neigh- 
bour, if  he  rebuilds  at  a  later  date,  is  not  required  to  set  back  at  all. 
In  order  to  meet  this  objection,  the  by-law  is  sometimes  worded  so 
that  it  devolves  upon  the  first  person,  who  rebuilds  on  a  narrow 
street,  to  set  back  one-half  as  many  feet  as  the  difference  between 
the  width  of  the  street  and  24  feet,  and  tlien,  when  the  opposite 
neighbour  rebuilds,  he  is  in  his  turn  required  to  set  back  to  a  like 
extent,  so  that  the  ultimate  result  is  that  a  street  of  24  feet  in 
Avidth  is  formed. 

As  regards  spctce  at  the  rear,  the  model  by-laws  provide  that  at 
least  150  superficial  feet  shall  be  kept  free  from  any  erection  above 
the  level  of  the  ground,  with  the  exception  of  a  water-closet,  earth- 
closet,  privy,  or  ashpit.  This  space  must  extend  the  whole  length  of 
the  building,  and  at  no  point  must  it  be  less  than  1 0  feet  across  to 
the  boundary  of  the  premises  opposite.  If  the  height  of  the  build- 
ing is  15  feet,  the  distance  across  must  be  at  least  15  feet ;  if  the 
height  is  25  feet,'  the  distance  must  be  20  feet ;  and  if  the  height  is 
35  feet  or  more,  the  distance  across  must  be  at  least  25  feet.  These 
requirements  do  not  secure  much  space  at  the  rear  of  houses,  and  in 
country  districts  a  much  larger  amount  of  back  yard,  or  garden 
ground,  is  usually  provided.  In  large  towns,  however,  even  the 
limitations  referred  to  above  are  not  always  insisted  upon. 

In  London,  in  the  Act  of  1894,  the  principle  that  the  amount 
of  open  space  at  the  rear  shall  be  proportionate  to  the  height  of 
the  building  is  accepted,  the  height  being  limited  by  the  require- 
ment that  it  shall  not  exceed  twice  the  distance  from  the  rear 
of  the  building  to  the  boundary  of  the  open  space  provided.  In 
other  words,  an  imaginary  horizontal  line  is  first  drawn  at  the  level 
of  the  pavement,  running  at  right  angles  to  the  centre  of  the  front 
of  the  building,  and  is  prolonged  to  the  boundary  of  the  open  space 
at  the  rear  of  the  building,  and  then,  at  the  point  where  this  line 
intersects  the  rear  boundary,  an  imaginary  diagonal  line  is  draAvn, 
in  the  same  vertical  plane  as  the  horizontal  line,  and  making  with 
it  an  angle  of  63|°  ;  the  diagonal  line,  thus  defined,  controls 
the  height  of  the  building,  no  part  of  which,  except  chimneys, 
dormers,  gables,  turrets,  or  other  architectural  ornaments,  must 
extend  above  this  line.  While  this  is  the  general  principle  held 
in  view,  certain  exceptions  are  made ;  moreover,  the  special 
circumstances   of   basement   rooms   below   pavement   level  have 
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to  be  considered.  Thus,  as  regards  habitable  basements,  the  Act 
requires  that  all  domestic  buildings  possessing  them,  which  are 
erected  after  1894,  shall  have  a  space  of  100  square  feet,  free  from 
any  erection  above  the  level  of  the  pavement,  provided  at  the 
rear,  for  the  purpose  of  giving  light  and  air  to  the  basements. 
The  detailed  application  of  the  general  principle  referred  to,  and 
the  exceptions  admitted,  remain  to  be  referred  to. 

If  a  domestic  building  be  erected,  abutting  upon  a.  mw  street, 
it  must  have,  at  its  rear,  an  open  space  of  at  least  150  square 
feet  extending  throughout  its  entire  width,  and  at  least  10 
feet  across  in  every  part;  but  where  there  is  a  basement  storey 
lighted  and  ventilated  by  the  100  square  feet  space  already  men- 
tioned, or  Avhere  there  is  no  basement  storey  and  the  ground  storey 
is  not  intended  to  be  inhabited  (as,  for  example,  Avhen  it  is  used  for 
business  purposes),  the  open  space  of  160  square  feet  may  be  pro- 
vided above  the  level  of  the  ceiling  of  the  ground  storey,  or  a  level 
of  16  feet  above  the  adjoining  pavement.  The  height  of  the  build- 
ing is  controlled  by  the  63^°  angle,  as  already  described.  Special 
sub-sections  deal  with  the  particular  case  of  a  building  at  a  corner 
abutting  upon  two  streets,  or  abutting  upon  one  side  on  a  street 
and  on  another  side  upon  an  open  space  not  less  than  40  feet  vdde, 
and  permanently  secured.  In  these  and  other  exceptional  cases, 
the  Council  must  be  satisfied  that  due  access  of  light  and  air  is 
not  interfered  with.  It  may  be  noted  that  the  model  by-laws  of 
the  Local  Government  Board  contain  special  clauses  dealing  mth 
the  Avay  in  which  such  particular  cases  may  be  met. 

As  regards  domestic  buildings  abutting  upon  old  streets,  a  modifi- 
cation is  made,  the  horizontal  line  being  directed  to  be  drawn  not  at 
pavement  level,  but  16  feet  above  this,  and  the  63^°  angle  is 
then  applied  as  before.  Moreover,  the  150  square  feet  of  open  space, 
10  feet  across  at  every  part,  may  be  provided  above  the  level  of  the 
ceiling  of  the  ground  storey,  or  16  feet  above  the  level  of  the 
adjoining  pavement.  An  important  exception  is  made,  however,  m 
the  case  of  houses  adapted  to  be  inhabited  by  persons  of  the  working- 
class,  as  in  such  houses  the  open  space  must  be  provided  from 
pavement  level  upwards. 

Again,  if  domestic  buildings  (other  than  dwellings  inhabited  or 
adapted  to  be  inhabited  by  persons  of  the  working  class)  are 
erected  on  old  sites  abutting  upon  a  street,  the  original  conditions 
can  be  again  reproduced,  but  no  more  ground  must  be  occupied 
by  the  new  buildings  than  was  occupied  by  tliose  previously 
existing.  In  other  words,  the  conditions  must  not  be  made  worse 
than  they  originally  were.    It  will  be  obvious  that  in  such  a  state 
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of  the  law  it  is  possible  to  newly  erect,  upon  old  foundations, 
buildings  which  will  be  very  inadequately  provided  with  rear 
space. 

A  very  important  section  of  the  Act  is  that  which  relates  to  the 
provision  of  open  space  about  dwelling-houses,  adapted  to  be  in- 
habited by  persons  of  the  working-class,  and  which  do  not  abut 
upon  a  street.  In  the  case  of  such  dwellings  plans  must  be  sub- 
mitted to  the  London  County  Council,  and  the  Council  may  refuse 
its  sanction  to  such  plans  if  the  open  space,  or  spaces,  provided  are 
found  not  to  be  equivalent  to  the  open  space,  or  open  spaces,  which 
would  have  to'  be  provided  if  the  dwelling-house  were  erected  abut- 
ting on  a  street  or  way  formed  or  laid  out  before  the  commencement 
of  the  Act.  This  provision  gives  a  most  important,  though  some- 
what limited,  power  of  control  over  the  erection  of  working-class 
dwellings  upon  "  back  land." 

The  law  in  London  mth  regard  to  limitation  of  the  height  of 
the  building,  in  proportion  to  the  width  of  the  street  upon  which  it 
fronts,  is  to  the  following  effect: — No  building  (other  than  a 
church  or  chapel)  may  be  erected  in  a  street  of  less  width  than 
50  feet,  formed  or  laid  out  after  1862,  to  a  height  exceeding  the 
distance  from  the  nearest  external  wall  of  such  building  to  the 
opposite  side  of  such  street.  The  position  of  the  front  of  new 
buildings,  vnth.  reference  to  streets,  is  controlled  by  a  section  which 
specifies  that  no  part  of  the  building  and  no  forecourt  shall,  Avithout 
the  consent  of  the  London  County  Council,  be  at  a  distance  less 
than  the  ])rescribed  distance  from  the  centre  of  the  roadway. 
(The  "prescribed  distance"  is  defined  as  being  20  feet  from  the 
centre  of  a  roadway  used  for  carriage  traffic,  and  10  feet  from  the 
centre  of  a  roadway  not  so  used.)  In  the  case  of  working-class 
dwelling-houses,  it  was  newly  provided  in  1894  that  such  houses 
should  not  be  erected,  within  the  "  prescribed  distance,"  to  a  height 
exceeding  the  distance  of  the  front  of  such  building  from  the  oppo- 
site side  of  such  street;  further,  no  building  could  be  converted 
into  such  a  dwelling-house,  within  the  "  prescribed  distance,"  so  as 
to  exceed  such  height.  In  practice,  difficulty  was  experienced  in 
determining  the  way  in  which  this  proviso  should  be  interpreted  in 
certain  instances,  and,  in  order  to  remove  this  difficulty,  an  amendin"- 
Act  of  1898  substituted  for  the  expression  "prescribed  distance  "  in 
this  particular  proviso,  the  words  "  a  distance  of  20  feet  from  the 
centre  of  the  roadway." 

Another  important  section  of  the  London  Building  Act  of  1894 
is  that  concerned  with  the  lighting  and  ventilation  of  rooms  open- 
ing into  the  internal  courts  or  shafts,  which  are  so  common  in 
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block  buildings,  and  in  dwellings  constructed  to  be  let  in  tlats. 
Where  such  a  court  is  enclosed  on  every  side,  and  where  its  depth 
measured  down  to  the  ceiling  of  the  ground  storey,  exceeds  its  length 
or  breadth,  adequate  provision  for  its  ventilation,  by  means  of  a 
communication  at  its  lower  part  with  the  outer  air,  must  be  made 
and  maintained;  moreover,  a  habitable  room  which  has  no  window, 
other  than  one  opening  into  such  a  court,  must  comply  M-itli  tlie 
condition  (subject  to  slight  modification  in  exceptional  circumstances) 
that  the  width  of  tlie  court,  from  the  window  to  the  opposite  wall, 
shall  be  equal  to  at  least  half  the  depth  of  the  sill  of  such  window 
below  the  eaves  or  parapet  of  the  opposite  wall.  , 

There  are  several  important  provisions  which  relate  to  habitaOle 
rooms.    Such  rooms  must  be  at  least  8  feet  6  inches  high,  though 
in  the  case  of  attic  rooms  it  is  only  necessary  that  a  height  of  not 
less  than  8  feet,  over  an  area  of  at  least  one-half  the  area  of  the  room, 
shall  be  secured.    Habitable  rooms  must  also  have  one  or  more 
windows  opening  directly  into  the  external  air  or  into  a  conservatory, 
and  providing  window  space  equal  to  at  least  one-tenth  of  the  floor 
area  of  the  room;  moreover,  the  windows  must  be  so  constructed 
that  a  portion,  equal  to  at  least  one-twentieth  of  the  floor  area, 
can  be  opened,  and  so  that  they  extend  to  at  least  7  feet  above 
floor  level.    There  is,  however,  a  modification  of  this  requirement 
in  the  case  of  "a  room  having  no  external  wall  or  a  room  con- 
structed wholly  or  partially  in  the  roof."   Again,  there  is  a  provision 
in  the  Act  of  1894  that  habitable  rooms  above  the  level  ot  tJie 
ground  storey,  having  no  window  other  than  one  opemng  into  a 
court  open  on  one  side  (the  depth  of  wliich  court  measured  from 
the  open  side  exceeds  twice  the  width),  must  comply  witn  the  con- 
dition, that  the  distance,  to  the  opposite  wall  of  the  court  s^iall  be 
not  less  than  half  the  depth,  below  the  top  of  the  wall,  of  the  sill 
of  the  window.    The  question  at  issue  here  is  the  need  of  securing 
the  adequate  lighting  of  rooms  which  are  overshadowed  by  back 
additions  extending  from  a  main  building. 

The  Act  further  contains  important  provisions  relating  to  tlie 
lighting  and  ventUation  of  staircases :  it  requires  m  the  case  ot 
houses  let  in  separate  tenements  to  more  than  two  famihes,  that  the 
principal  common  staircase  shall  be  ventilated  on  every  storey  above 
the  ground  storey  by  ^vindows  or  skylights  opemng  directly  uito  the 
open  air,  or  shall  otherwise  be  adequately  ventilated ;  in  ever> 
instance  it  requires  that  the  principal  staircase  of  a  dwe  hng-house 
shall  be  ventilated  by  at  least  one  such  window  or  skylight. 

The  importance  of  such  regulations  as  those  just  referred  to  is 
very  great,  they  tend  to  limit  or  prevent  "  closeness,  and  bad 
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arrangement,"  and  interference  with  access  of  light  to,  and  circula- 
tion of  air  about,  habitations.  Farr  many  years  ago  directed  atten- 
tion to  the  way  in  whicli  the  mortality  of  districts  is  raised  in 
correspondence  with  increasing  density  of  population.  He  Avas  even 
led  to  express  the  relation  by  means  of  a  formula  to  tlie  effect 
that  the  mortality  varied  as  the  sixth  root  of  tlie  density.  He 
later  (Supplement  to  the  35th  Annual  Report  of  the  Registrar- 
General)  modified  his  formula,  -11998  being  substituted  for  one- 
sixth,  so  that,  m  and  m'  being  the  mortalities,  and  D  and  D'  the 

densities  m  two  places,  m'  =  m  (^  —  ^         i.e.,  the  mortalities  vary 

approximately  as  the  eighth  roots  of  the  densities. 

Ogle  found  on  examination  of  the  death-rates  in  districts  in 
England  and  Wales  in  1871-1880,  that  if  there  were  less  than  400 
persons  per  square  mile,  density  appeared  to  have  little  influence ; 
but  when,  on  the  other  hand,  the  closeness  of  aggregation  of  persons 
upon  area  was  increased  beyond  this  limit,  the  mortality  also  steadily 
increased.  Thus  while  death-rates  of  from  14  to  20,  per  thousand 
persons  living,  were  found  in  the  more  sparsely  populated  districts, 
rates  of  22  to  24  were  observed  in  districts  with  from  one  to 
two  thousand  persons  to  the  square  mile,  and  the  death-rate  rose 
Avith  increasing  density,  until,, in  districts  with  upwards  of  6,000 
persons  to  the  square  mile,  rates  of  27  to  28,  per  thousand  persons 
living,  were  recorded.  Tatham,  dealing  with  the  decennium  1881- 
1890,  found  that  the  relationship  in  question  was  too  complex  to 
admit  of  being  expressed  by  such  a  formula  as  that  of  Farr,  but 
he  noted  that  mortality  steadily  rose  with  increase  of  density. 

The  result  of  an  investigation  concerning  the  vital  statistics  of 
occupants  of  Peabody  Buildings,  made  by  Newsholme  in  1888-1890, 
was  given  in  a  paper  printed  in  the  Journal  of  the  Eoyal  Statistical 
Society  in  1891.  This  investigation  showed  that  the  death-rate  in 
these  buildings  was  about  two  per  thousand  lower  than  that  of 
London,  for  the  twelve  years  ending  with  the  year  1885.  The 
infantile  mortality  was  much  lower  in  the  Peabody  Buildings  than 
in  London  as  a  whole.  The  death-rate  from  phthisis  and  other 
tuberculous  diseases  was  slightly  higher,  and  diseases  of  a  specially 
infectious  character,  and  particularly  whooping-cough  and  measles 
were  found  to  be  more  fatal  than  in  London  generally. 

The  occupiers  of  the  dwellings  referred  to  are,  it  must  be  borne  in 
mind,  to  a  large  extent  specially  selected,  stnd  care  requires  to  be 
exercised  in  drawing  conclusions  with  regard  to  the  mortality  ex- 
perienced by  them.  While  this  is  the  case  it  must  be  admitted 
that  the  results  of  housing  large  numbers  of  persons  upon  a  limited 
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area,  provided  due  regard  is  paid  to  the  question  of  arrangement  of 
the  buildings  and  of  their  sanitary  condition,  are  not  so  serious  as  the 
investigations  concerning  density  of  population,  made  by  Farr 
half  a  century  ago,  led  him  to  assume  that  they  would  be.  On  the 
other  hand,  there  is  a  certain  amount  of  evidence  pointing  to  the 
conclusion  that  diseases,  due  to  direct  infection,  tend  to  show  increase 
when  persons  are  housed  in  large  numbers  in  blocks  of  buildings, 
even  when  care  is  devoted  to  designing  the  arrangement  of  the 
rooms  in  such  blocks.  Newsholme  considers  that  the  "essential 
element  in  testing  the  true  density  of  population  is  a  statement  of 
the  number  of  persons  living  in  each  occupied  room."  This  test,  he 
thinks,  combined  with  a  determination  of  the  population  on  a  given 
area,  would  give  the  most  trustworthy  estimate  of  density,  and  "  the 
two  together  would  determine  the  probabilities  of  the  incidence  of 
the  diseases  connected  with  overcrowding,  and  of  the  rapid  spread 
of  infectious  diseases." 

The  question  of  the  need  for  open  spaces  is  one  which,  especially  in 
recent  years,  has  received  some  amount  of  attention  in  large  towns. 
The  formation  of  squares  and  gardens,  the  provision  of  cross  streets 
at  frequent  intervals,  and  the  desirability  of  so  dealmg  ^ith  the 
land  at  the  corners  of  streets,  as  not  to  interfere  unduly  vnth  circula- 
tion of  air,  are  matters  wliich  have  received  some  consideration  in  con- 
nection with  building  schemes  on  large  estates.  Instances  of  this  are 
afforded,  for  example,  in  the  Grosvenor  and  Bedford  estates  in 
London.  Again,  the  need  for  laying  out  public  parks  has  not  been 
altof^ether  lost  sight  of,  and  the  Metropolitan  Open  Spaces  Acts 
of  1877  and  1881  pro\-ided  for  the  acquirement  of  disused  burial- 
grounds  and  their  maintenance  as  open  spaces.  (For  the  extension 
of  these  powers  to  places  outside  London,  see  p.  534.) 

The  evils  of  close  aggregation  of  dwellings  may  be  specially 
illustrated  by  consideration  of  the  question  of  back-to-back  houses. 
Tatham,  when  Medical  Officer  of  Health  of  Salford,  collected 
statistics  relating  to  the  registration  districts  in  that  borough,  for 
the  five  years  1879-1883,  which  showed  in  a  striking  way  how 
mortality  increases  in  correspondence  with  the  extent  to  whicli 
back-to-back  house  construction  prevails.  Thus,  in  the  Kegent 
Road  registration  district,  a  portion  of  the  area  containing  no  back- 
to-back  houses,  showed  a  mortality  of  26-1  per  thousand;  in  a 
portion  of  the  area  with  18  per  cent,  of  back-to-back  houses, 
the  mortality  was  29-1  per  thousand ;  and  in  a  third  portion  with 
50  per  cent,  of  back-to-back  houses,  a  mortality  of  37-3  per  thou- 
sand was  recorded.  Similarly,  in  the  Greengate  registration  dis- 
trict, three  portions  (enumeration  districts),  with  0,  23,  and  56  per 
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cent,  respectively  of  back-to-back  houses,  showed  death-rates  of 
27-5,  29-2,  and  30-5  per  thousand. 

A  joint  report,  prepared  by  Barry  and  Gordon  Smith,  dealing 
with  the  subject  of  back-to-back  houses,  was  published  by  the  Local 
Government  Board  in  1888;  one  of  the  conclusions  arrived  at, 
as  a  result  of  this  inquiry,  was   to  the  effect  that  the  want 
of  through  ventilation,  per  se,  had  probably  had  an  unfavour- 
able influence  upon  health,  and  had  given  rise  to  an  increased 
mortality  from  pulmonary  disease,  phthisis,  and  diarrhoea.  Further, 
it  was  found  that  "the  difference  in  the  cost  of  construction  of 
a  through  house  and  of  a  back-to-back  house  respectively,  each 
affording  the  same  accommodation  and  built  equally  Avell,  is  very 
slight  indeed,  the  advantage,  such  as  it  is,  being  mth  the  back-to- 
back  house."    It  was  submitted,  as  the  general  outcome  of  the 
investigation,  that  the  Board  should  refuse  to  sanction  any  by-laws 
which  would  permit  the  erection  of  back-to-back  houses,  and  should 
discourage,  by  all  the  means  at  their  command,  the  erection  of  such 
houses. 

Further  inquiries  have  since  been  made  concerning  the  mortality 
statistics  of  back-to-back  houses  by  Niven  in  Manchester,  and  by 
Evans  in  Bradford,  and  recent  Building  Acts  and  codes  of  by-laws 
contain,  as  a  rule,  provisions,  the  intention  of  which  is,  no  doubt,  to 
make  the  erection  of  such  houses  illegal.  So  far  as  cottage  dwellings 
are  concerned,  the  desired  end  is,  as  a  rule,  attained,  but  it  does  not 
appear  that  the  possibility  of  reproducing  objectionable  types  of 
construction  of  dwelling-rooms,  in  the  case  of  block  dwellings  is 
adequately  guarded  against.  ' 

J.  F.  J.  Sykes  has  pointed  out  that  "  each  accretion  to  the  room,  the 
dwelling,  the  house,  and  the  block  demands  correspondingly  amplified 
building  restrictions,  or,  in  the  complications  resulting  from  the 
heaping  of  Ossa  on  Pelion,  the  methods  of  construction  prohibited 
in  the  simplest  type,  are  reproduced  in  other  and  more  aggravated 
forms  in  the  larger  and  more  complicated  pile."    He  observes  that 
m  order  to  prevent  the  construction  of  what  are  practically  back-to- 
back  houses  in  blocks  of  dwellings,  it  is  necessary  that  there  should 
be  a  requirement  "that  in  every  dwelling  consisting  of  two  or 
more  communicating  rooms,  at  least  one  of  the  rooms  shall  possess 
a  window  opening  on  the  opposite  side  of  the  building  to  that  in 
which  the  window  of  the  other  room,  or  one  of  the  other  rooms 
situated."  ' 

Tn  some  sets  of  "flats."  the  block  is  not  limited  by  being  only 
two  rooms  deep,  but  is  designed  to  admit  of  the  construction  not 
merely  of  rooms  lighted  from  its  front  and  rear,  but  alKo  of  inter- 

18 


274  MANUAL  OF  IIYC41ENE. 

mediately  placed  rooms ;  such  internal  rooms  are  made  to  abut  upon 
a  central  well,  or  are  lighted  by  means  of  windows  opening  upon 
courts,  which  penetrate  into  the  depth  of  the  block,  from  its  front  or 
its  rear  aspects.    These  central  wells  are  apt  to  contain  more  or  less 
8ta<^nant  air,  and  the  rooms  opening  into  them,  in  the  lower  storeys 
of  the  block,  are  likely  to  be  much  darkened.    Again  the  court 
which  passes  into  the  depth  of  the  block  from  the  front  or  rear  of  the 
buildin-  is  often  narrow,  and  thus  much  overshadowed,  and  rooms 
opening  upon  it  are  far  less  favourably  placed,  so  far  as  ventilation 
is  concerned,  than  if  they  abutted  upon  the  front  or  rear  walls  of  the 
building;  moreover,  if  they  are  on  the  lower  storeys  and  near  the 
dead  end  of  the  court,  they  are  likely  to  be  dark  and  gloomy. 
Building  regulations  which  will  adequately  control  abuses  of  this 
kind  are  obviously  necessary  for  preventing  the  construction  m 
the  types  of  block  dwellings  referred  to,  of  rooms  quite  unht  tor 
purposes  of  habitation. 


Structukal  Details. 


(i)  Under  ordinary  circumstances  the  external  or  party  walls 
enclosing  new  buildings  should  be  formed  only  of  "  good  bricks 
stone  or  other  hard  and  incombustible  materials,  properly  bonded 
and  solidly  put  together"  with  suitable  mortar  and  cement.  The 
"  proper  bonding  "  is  usually  effected  by  one  of  two  methods-either, 
as  in  what  is  termed  Flemish  bond,  each  course  contains  "headers 
(bricks  laid  transversely)  and  "stretchers"  (bricks  laid  longitudi- 
nally) placed  alternately,  or,  as  in  English  bond,  courses  of  headers 
aJnate  with  courses  of  "stretchers."    ^  ^^'-T^'^^'X^ 
at  least  the  length  of  a  brick  in  thickness  (9  m.  brlckwork^.    W  hen 
walrexceecl  25^  ft.  in  height  or  30  ft.  in  length  they  are  genera  y 
required  to  be  of  greater  thickness,  and 

prescribe  in  detail  the  circumstances  under  which  13i  m.,  lb  m.,  oi 
g  ater  thicknesses  of  brickwork  shall  be  used.  Hollow  ..lis  are, 
as  a  rule,  permitted,  provided  proper  bonding  ties  are  mserted. 
In  some  ases.  in  detached  houses,  half-timber  walls  are  permitted 
under  appropriate  restrictions,  designed  mainly  with  the  object  o 
Tcuring  stability  and  reducing  to  a  minimum  the  risk  of  spread  of 

^""^ii  ^  The  footings  of  walls  should  rest  upon  solid  rock  or  upon  a 
sufficient  foundation  of  concrete.   It  is  usual  in  building  regulations 
to  prescribe  the  width,  height,  and  arrangement  o  the  ^^^'^'^f 
la.)  Prevention  of  dampness  :  The  walls  should  be  provided  with 
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"a  proper  damp  course  of  sheet  lead,  asphalt,  or  slates  laid  in 
cement,  or  of  other  durable  material  impervious  to  moisture."  The 
damp  course  should  be  placed  "beneath  the  level  of  the  lowest 
timbers,  and  at  a  height  of  not  less  than  6  in.  above  the  surface  of  the 
ground  "  adjoining  the  wall.  The  insertion  of  a  damp  course  is 
necessary  to  prevent  moisture  being  absorbed  by  the  bricks.  Such 
"  ground  dampness  "  ascending  in  an  unprotected  wall  leads  to  rotting 
of  woodwork  and  staining  of  the  paper  placed  upon  walls  ;  it  favours 
development  of  mould,  and  produces  a  musty  and  unwholesome 
condition  of  the  air  of  rooms. 

In  old  houses,  the  walls  of  which  are  unprovided  with  a  damp 
course,  it  is  a  common  thing  to  find  basement  and  ground-floor  rooms 
"match-lined,"  with  a  view  to  concealing  the  unsightly  appearances 
caused  by  damp  walls.  Where  the  match-lining  does  not  extend  to 
the  celling,  evidence  of  dampness  can  often  be  detected  above  the 
woodwork.  Such  covering  up  of  walls,  while  it  removes  the 
cause  of  off-ence  to  the  eye,  does  not,  of  course,  prevent  the  damp 
bnck-work  causing  pollution  of  the  atmosphere  of  the  room 
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Fig.  77. 

Double  Damp-courpc— 4.  Ground  Level 
Damp  Courses.    C,  C,  Concrete; 
D,  Floor,  a.  Cavity  between  waUs. 

In  the  ca.se  of  basement  rooms  an  area  should,  if  possible  be 
formed  to  keep  the  ground  away  from  the  wall,  or  the  outside  of  the 
^^il  should  be  covered  with  impervious  material.  Codes  of  by-laws 
often  prescribe  the  adoption  of  the  device  shown  in  Fis  77  \ 
hollow  wall  is  constructed  and  two  damp  courses  are  provided,  one  at 
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the  base  of  the  wall  below  the  level  of  the  floor  boards,  the  other 
above  the  ground  level  and  at  the  top  of  the  cavity  of  the  hollow 
wall. 

Paving  the  ground  adjoining  walls  is  often  productive  of  marked 
benefit  in  preventing  dampness.     Moreover,  care  requires  to  be 
taken  that  sink  wastes,  rain-water  pipes,  etc.,  do  not  discharge  m 
such  a  way  as  to  favour  such  a  condition  by  splashing  or  otherwise. 
Leaky  gutters  and  down-pipes  are  common  sources  of  dampness.  In 
exposed  situations,  driving  rain  is  apt  to  cause  trouble,  and  it  may  be 
found  necessary  to  line  the  walls  externally  with  impervious  materials, 
or  to  construct  hollow  walls.    Leakage  through  defective  roofs  is  one 
of  the  most  common  sources  of  penetration  of  moisture  into  living- 
rooms     In  old  houses,  after  stormy  weather,  the  ceilings  of  top-floor 
rooms  often  yield  evidence  that  a  slate  or  tile  has  been  displaced,  and 
in  dilapidated  and  neglected  houses,  it  is  no  uncommon  thing  to  find 
ceihngs  stained  and  discoloured  with  the  marks  of  many  a  storm. 

Roofs  should  not  only  be  weather-tight,  but  should  be  so  con- 
structed as  to  protect  the  upper  rooms  from  external  heat  and  cold. 
Thatch  is  objectionable;  it  tends  to  undergo  decomposition,  har- 
bours vermin,  and  is  a  source  of  danger  in  case  of  fire.  Slates  laid  on 
boarding  and  felt  are  very  generally  used  for  roofing  purposes  :  if  the 
slates  are  merely  laid  upon  laths  the  rooms  are  not  sufficiently  pro- 
tected against  heat  and  cold,  and  will  be  unduly  hot  in  summer  and 
cold  in  winter.    Tiles  afford  better  protection  against  extreme  condi- 
tions of  temperature,  but  do  not  so  readily  facilitate  the  escape  of 
rain  as  slate  does,  hence  the  slope  of  the  roof  is  usually  made  much 
more  steep  when  tiles  are  employed.    Eaves-gutters  and  raln-^^^ter 
pipes  may  with  great  advantage  be  kept  an  inch  or  two  away  from 
the  face  of  walls,  with  a  view  to  preventing  dampness,  m  the  event 
of  blocking  or  leakages  occurring. 

(iv  )  Certain  precautions  should  be  adopted  to  prevent  the  spread 
of  fire  Party  walls  should  be  continued  above  the  roof,  forming 
parapets,  as  otherwise  flames  blown  across  the  roof  may  split  the 
slates,  exposing  the  roof  timbers,  and  the  spread  of  fire  from  one 
building  to  another  may  be  thus  favoured.  Moreover,  roofs,  gutters, 
and  down-pipes  should  be  made  of  incombustible  materials.  Again, 
building  regulations  generally  control  the  making  of  opening^  m 
party  walls,  with  a  view  to  limiting  risk  of  spread  of  fire  and  t.he>^ 
often  prohibit  the  use  of  timber  in  party  walls  and  deal  .Mth  the 
mode  of  constructing  chimneys  and  flues.  _ 

In  block  buildings  it  is  usual  to  construct  floors  and  staircases 
fireproof  materials,  and  solid  floors  are  also  to  be  pi^ferred  fron 
the  standpoint  of  health.    In  passages,  stone  and  tiles  are  often 
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used.  Wood  is  warmer  for  living  rooms;  oak  and  teak  are  fire- 
resisting  but  expensive.  The  ordinary  deal  floor  tends  to  wear 
unevenly,  but  much  can  be  done,  as  regards  preventing  the  forma- 
tion of  crevices,  by  careful  laying  with  pi'operly  grooved  and  tongued 
joints.  "Shag  felt"  may  be  used  with  the  object  of  deadening 
sound  ;  ordinary  "  pugging  "  (sawdust,  plasterer's  rubbish,  etc.),  which 
is  often  employed,  is  objectionable ;  indeed,  all  possibility  of  collec- 
tion of  organic  dust  and  debris,  likely  to  favour  the  growth  of  germs 
beneath  floor-boards  and  in  crevices,  should  be  carefully  guarded 
against.  In  the  case  of  lofty  buildings  it  is  especially  necessary 
that  attention  should  be  paid  to  the  question  of  providing  alternative 
means  of  escape  in  case  of  fire,  so  that,  if  the  principal  staircase 
becomes  blocked  by  smoke,  there  shall  be  no  possibility  of  persons 
being  caught,  as  it  were,  in  a  trap,  and  exposed  to  risk  of  being 
burnt  to  death.  The  London  Building  Act  makes  the  adoption  of 
special  precautions  compulsory  in  the  case  of  public  buildings  (this 
expression  includes  inter  alia,  lodging-houses,  blocks  of  dwellings, 
etc.,  in  which  more  than  100  persons  sleep). 

Particular  details  of  construction  which  relate  to  the  lighting  and 
ventilation  of  rooms,  to  methods  of  removal  of  waste  water,  seAvage, 
and  refuse,  and  to  means  of  supplying  water,  are  referred  to  else- 
where (chapters  ii.  and  vi.).  It  remains  to  describe  the  peculiarities 
of  special  types  of  dwelling. 

Artisans'  Dwellings.— Ample  space  should  be  provided  both 
in  front  and  at  the  rear  of  each  block ;  the  height  of  the  building 
should  be  limited  to  three,  or  at  most  four  storeys,  unless  the 
distance  across  the  open  space  to  the  front  and  rear  be  unusually 
great ;  the  length  of  each  section  should  also  be  restricted  so  as  to 
promote  circulation  of  air.  Blocks  should  not  be  connected  at  a 
right  angle  or  an  acute  angle.  The  need  of  such  arrangement  of 
rooms  as  Avill  favour  through  ventilation  has  already  been  insisted 
upon. 

Staircases  should  be  built  against  outer  walls ;  the  dark  and  in- 
adequately ventilated  "central"  or  "internal  staircase"  constitutes 
an  especially  objectionable  feature  in  many  old  houses.  Moreover, 
the  staircase  should  be  sufficiently  wide ;  a  width  of  3  feet  6  inches 
has  been  proposed  and  adopted  in  some  instances  as  the  minimum 
permissible.  There  is  great  advantage  in  "open  staircases "  from  the 
point  of  view  of  ventilation.  Batlis  and  washhouse  accommoda- 
tion are  now  often  furnished  in  connection  with  block  dwellings. 
Again  a  good  cupboard  or  larder,  ventilating  into  the  external 
air,  should  be  provided  in  each  tenement.    Water-closets  slioukl 
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be  practically  outside  the  dwelling,  and  should  therefore,  if  possible, 
be  placed  so  that  tliey  are  entered  through  a  disconnecting  lobby 
furnished  with  means  of  cross-ventilation.  Dust  shoots,  if  provided, 
need  special  contrivance,  by  means  of  double  doors  opening  and  closing 
together,  or  by  some  other  means,  to  prevent  nuisance.  If  possible, 
their  use  should  be  avoided. 

Block  dwellings  are  frequently  constructed  with  balconies  run- 
ning the  whole  length  of  the  building  on  each  floor.    Under  these 
circumstances  rooms,  more  particularly  those  on  the  lower  floors, 
are  apt  to  be  much  darkened.     There  is  advantage  in  not  con- 
structing rooms  of  too  small  dimensions.    The  smaller  the  room,  the 
more  difficult  it  is,  other  things  being  equal,  to  secure  its  being 
properly  ventilated,  and  tenements  consisting  of  small  rooms  are 
especially  likely  to  be  overcrowded.    The  London  County  Council  m 
1889  fixed  144  square  feet  as  the  minimum  for  living-rooms,  and  96 
square  feet  as  the  minimum  for  bedrooms,  to  be  constructed  in  blocks 
erected  in  connection  with  clearance  schemes.    Later  these  Hmits 
were  raised  to  160  square  feet  and  110  square  feet  respectively, 
but  the  necessity  of  keeping  down  rents  led  to  the  mimmum 
sizes  specified  in  1889  being  again  reverted  to.    In  a  Memorandum, 
on  the  provision  and  arrangement  of  dwellings,  issued  by  the  Local 
Government  Board  in  1894,  it  is  suggested,  as  regards  separate 
houses  or  cottages,  that  the  living-room  should  have  a  floor  area  of 
some  200  square  feet,  with  a  clear  height  of  from  eight  to  nine  feet, 
and  that  bedrooms  should  be  of  the  same  height,  that  for  the  parents 
being  at  least  120  feet  in  area,  while  for  children's  rooms  a  minimum 
of  80  feet  is  specified. 

Stable  Dwellings.— In  towns  it  is  a  common  practice  to  con- 
struct rooms,  intended  to  be  inhabited,  over  stables  in  "mews." 
Such  rooms,  in  addition  to  being  exposed  to  stable  effluAia,  often 
exhibit  other  serious  defects  (the  "mews"  may  be  a  cul  de  sac, 
and  the  dwellings  without  through  ventilation,  etc.),  and  it 
is  not  surprising  that  the  statistics  of  stable  dwellings  should  sliow 
excess  of  mortality  among  the  persons  living  under  these  un- 
favourable conditions.  Sykes  has  investigated  the  question  so  tar 
as  the  stable  dwellings  in  St.  Pancras  are  concerned.  He  found 
the  death-rates  from  pulmonary  disease  and  from  zymotic  disease 
(particularly  diarrhea  and  diphtheria)  notably  in  excess,  as  was 
also  the  infant  mortality.  The  London  Building  Act  contains  a 
special  section  dealing  with  the  protection  of  habitable  rooms  which 
are  situated  over  stables. 

Cellar   Dwellings.— In   large   towns   there   are  .still  many 
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persons  who  live  and  sleep  in  basement  rooms.  The  extent  to  which 
the  law  controls  the  use  of  cellar  dwellings  vnll  be  considered  later. 

Tenement  Dwellings. — The  Customs  and  Inland  Revenue 
Act  of  1890,  Sec.  26  (2),  provides  that  landlords  of  houses,  let  in 
tenements  at  rents  not  exceeding  seven  shillings  and  sixpence  a  week 
for  each  dwelling,  may  be  exempted  from  inhabited  liouse  duty,  pro- 
vided a  certificate  of  the  medical  officer  of  health  of  the  district,  or 
some  other  medical  practitioner  appointed  for  the  purpose,  is  pro- 
duced stating  that  "  the  house  is  so  constructed  as  to  afford  suitable 
accommodation  for  each  of  the  families  or  persons  inhabiting  it, 
and  that  due  provision  is  made  for  their  sanitary  requirements," 
Sykes,  in  his  Milroy  lectures  on  "  The  Influence  of  the  Dwelling 
upon  Health,"  enumerates  certain  minimum  requirements,  which 
he  suggests  the  medical  officer  of  health  should  have  in  view  in 
issuing  such  certificates.  These  requirements  give  an  indication 
of  the  standard  of  accommodation  which  is  regarded  as  necessary 
in  tenement  dwellings. 

In  new  buildings,  "  originally  built "  to  be  occupied  in  separate 
dwellings,  the  points  to  which  attention  should  be  directed  are 
as  follows :  (1)  That  the  buildings  are  constructed  in  conformity 
with  the  Building  Act  and  By-laws,  especially  as  regards  damp 
courses,  concreted  basements,  etc.    (2)  That  the  water  supply  and 
(3)  that  the  drainage  are  in  conformity  with  the  Acts  and  By-laws 
regulating  such  matters.      (4)  That  the  common  staircase  is  per- 
manently ventilated,  at  each  floor  level,  or  by  through  ventilation, 
so  as  to  break  the  common  air  connection.    (5)  That  each  dwelling 
is  so  arranged  as  to  have  through  ventilation.    (6)  That  each  of 
the  habitable  rooms  is  at  least  8  feet  6  inches  in  height  and  96  square 
feet  in  area,  and  has  a  fireplace  and  chimney  flue.    (7)  That  there 
is  at  least  one  draw-tap  and  sink  with  a  constant  supply  of  water 
for  every  twelve  occupants  or  less  on  each  floor.    (8)  That  there  is 
at  least  one  water-closet,  properly  and  efficiently  supplied  with 
water,  for  every  twelve  occupants  or  less  on  each  floor,  disconnected 
aerially  from  any  dwelling  in  the  interior  of  the  building.  (9) 
That  on  each  floor  a  sufficient  space,  or  open  lobby,  is  provided, 
accessible  to  and  for  the  use  of  each  family  on  each  floor,  for  the 
deposit  of  refuse,  etc.    (10)  That  accommodation  for  clothes  washing 
IS  provided  sufficient  to  enable  each  family  to  occupy  the  washhouse 
or  appliances  one  day  in  each  week. 

In  the  case  of  existing  buildings  "  adapted  by  alterations  "  to  be 
occupied  as  separate  dwellings,  tlie  standard  nmst  necessarily  be  a 
less  satisfactory  one.    The  points  to  wliich  attention  sJiould  be 
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directed  are  :  (1)  That  the  common  staircase  is  amply  and  permanently 
ventilated  into  the  open  air.  (2)  That  the  dwellings  are  ventilated 
through,  from  one  point  to  another.  (3)  That  the  water  supply 
is  in  conformity  with  statute.  (4)  That  a  draw-tap  and  sink  are 
provided  on  each  floor  for  every  twelve  persons  or  less,  (o)  That 
the  drainage  is  in  conformity  with  statute.  (6)  That  clothes-washing 
accommodation  is  provided  for  each  family  on  at  least  one  day  a  week. 
(7)  That  there  is  water-closet  accommodation,  for  every  twelve  persons 
or  less  on  each  floor,  properly  disconnected,  aerially,  from  the 
dwelling.  (8)  That  there  is  an  open  lobby  space,  or  balcony,  on  each 
floor,  available  as  a  place  of  deposit  for  the  dust  receptacle  and 
offensive  refuse. 

In  many  old  houses  the  ground-floor  rooms  are  below  the  level  of 
the  street  or  adjoining  pavement;  under  such  circumstances  the. 
walls  of  these  ground-floor  rooms  are  frequently  found  to  be  damp ; 
this  state  of  things  is  aggravated,  more  often  than  not,  by  the 
absence  of  a  damp  course.    Another  common  defect  is  want  of  ven- 
tilation of  the  space  beneath  the  floor  boards,  the  joists  being  laid 
directly  upon  the  earth.    When  these  conditions  exist  the  wood  vdW 
be  specially  liable  to  be  aftected  mth  "dry  rot,"  and  the  effluvia  given 
off"  by  the  decaying  wood,  together  mth  emanations  from  the  soil 
beneath  the  house,  will,  of  course,  be  apt  to  be  dra^\ai  up  into  the 
dwelling.    In  old  cottages  the  staircase  sometimes  leads  directly  from 
the  living-room  into  the  bedroom,  and  in  that  case  vitiated  air  from 
the  living-room  escapes  into  the  bedroom,  instead  of  fresh  air  being 
supplied,  as  it  should  be,  from  a  well-ventilated  passage  or  staircase. 
G.  V.  Poore  has  pointed  out  that  in  many  old  houses  "the  staircase 
oscillates  between  water-closet  doors  and  bedroom  doors,  getting 
darker  and  darker  as  it  ascends,"  and,  as  he  says,  it  is  often  the 
case  that  "the  internal  channels  of  communication,  instead  of 
serving  for  the  supply  of  fresh  air,  merely  facilitate  the  exchange 
of  foul  air." 

In  cases  in  Avhich  the  ground-floor  rooms  of  buildings  are  used  for 
commercial  purposes,  the  dwelling-rooms  above  are  liable  to  be  exposed 
to  the  influence  of  a  much  polluted  atmosphere.  The  site  on  the 
ground  storey  is  often  entirely  covered  ^\dth  buildings,  and  proper  ven- 
tilation is  rendered  impossible  ;  moreover,  the  ground- floor  rooms  are 
generally  dark,  and  artificial  light  is  therefore  likely  to  be  frequently 
resorted  to  ;  contamination  from  products  of  combustion  tlien  results. 
In  the  case  of  eating-liouses  and  restaurants  the  smell  of  cooking 
is  apt  to  pervade  the  upper  rooms,  and  the  extent  to  which  contami- 
nation of  the  upper  floors  is  often  brought  about  is  very  clearly 
demonstrated  by  the  condition  of  the  atmosphere  frequently  observed 
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in  the  bedrooms  of  old  inns,  and,  indeed,  it  may  be  added,  of  ill- 
designed  modern  hotels. 

Common  Lodging-Houses. — A  house,  before  being  registered 
as  a  common  lodging-house,  must  be  "  inspected  and  approved  for 
the  purpose  by  some  officer  of  the  local  authority."  The  rules  which 
should  guide  the  inspecting  officer  in  liis  examination  are  laid  down 
in  a  Local  Government  Board  Memorandum,  which  may  be  quoted 
as  indicating  the  standard  of  fitness  regarded  as  necessary  in  such 
cases : — 

"The  house  should  (1)  possess  the  conditions  of  wholesomeness 
needed  for  dwelling-houses  in  general;  and  (2)  it  should  further 
have  arrangements  fitting  it  for  its  special  purpose  of  receiving  a 
given  number  of  lodgers. 

"1.  The  house  should  be  dry  in  its  foundations  and  have  proper 
drainage,  guttering,  and  spouting,  with  properly  laid  and  substantial 
paving  to  any  area  or  yard  abutting  on  to  it.    Its  drains  should 
have  their  connections  properly  made,  and  they  should  be  trapped, 
where  necessary,  and  adequately  ventilated.     Except  the  soil-pipe 
from  a  properly  trapped  water-closet,  there  should  be  no  direct 
communication  of  the  drains  with  the  interior  of  the  house.  All 
waste  pipes  from  sinks,  basins,  and  cisterns  should  discharge  in  the 
open  air  over  gullies  outside    the  house.    The  soil-pipe  should 
always  be  efficiently  ventilated.    The  closets  or  privies,  and  the 
refuse  receptacle  of  the  house,  should  be  in  proper  situations,  of 
proper  construction,  and  adapted  to  any  scavenging  arrangements 
that  may  be  in  force  in  the  district.    The  house  should  have  a  water 
supply  of  good  quality,  and,  if  the  water  be  stored  in  cisterns,  they 
should  be  conveniently  placed  and  of  proper  construction  to  prevent 
any  fouling  of  water.    The  walls,  roof,  and  floors  of  the  house  should 
be  in  good  repair.    Inside  walls  should  not  be  papered.    The  rooms 
and  staircases  should  possess  the  means  of  complete  ventilation; 
windows  being  of  adequate  size,  able  to  be  opened  to  their  full 
extent,  or,  if  sash  windows,  both  at  top  and  bottom.    Any  room 
proposed  for  registration  that  has  not  a  chimney  should  be  furnished 
with  a  special  ventilating  opening  or  shaft,  but  a  room  not  having  a 
window  to  the  outer  air,  even  if  it  have  special  means  of  ventilation, 
can  seldom  be  proper  for  registration. 

"  2.  The  numbers  for  Avhich  the  house,  and  each  sleeping-room, 
may  be  registered  will  depend  partly  upon  the  dimensions  of  the 
rooms  and  the  facilities  for  ventilation,  and  partly  upon  the  amount 
of  accommodation  of  other  kinds.  In  rooms  of  ordinary  construction, 
to  be  used  for  sleeping,  where  there  are  the  usual  means  of  ventila- 
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tioii  by  windows  and  chimneys,  about  300  cubic  feet  will  be  a 
proper  standard  of  space  to  secure  to  each  person;  but  in  many 
rooms  it  will  be  right  to  appoint  a  larger  space,*  and  this  can  only 
be  determined  on  inspection  of  the  particular  room.     The  house 
should  possess  kitchen  and  day-room  accommodation,  apart  from  its 
bedrooms,  and  the  sufficiency  of  this  will  have  to  be  attended  to. 
Rooms  that  are  partially  underground  may  not  be  improper  for  day- 
rooms,  but  should  not  be  registered  for  use  as  bedrooms.  The 
amount  of  Avater  supply,  closet  or  privy  accommodation,  and  the 
provision  of   refuse  receptacles  should  be  proportionate   to  the 
iiumbers  for  which  the  house  is  to  be  registered.    If  the  water  is 
not  supplied  from  works  with  constant  service,  a  quantity  should 
be  secured  for  daily  use  on  a  scale,  per  registered  inmate,  of  not 
less  than  ten  gallons  a  day  where  there  are  water-closets,  or  five 
gallons  a  day  where  there  are  dry  closets.    For  every  twenty  regis- 
tered lodgers  a  separate  closet  or  privy  should  be  required.  The 
wasliing  accommodation  should,  wherever  practicable,  be  in  a  special 
place,  and  not  be  in  the  bedrooms,  and  the  basins  for  personal 
washing  should  be  fixed  and  have  water-taps  and  discharge  pipes 
connected  with  them." 

Tliis  Memorandum  was  issued  in  1877,  and  since  that  time  the 
type  of  building  used  for  common  lodging-house  purposes  has,  in 
large  towns,  undergone  material  alteration.    In  numerous  instances 
houses  adapted  for  many  hundreds  of  lodgers  have  been  erected, 
and  in  these   cases  the   conditions   to  be   regulated   are  more 
comparable  to  those  presented  by  block  dwellings,  wMch  have 
been   already   mentioned,   than  to  those  of   ordinary  dwelling- 
houses.    In  the  Memorandum  issued  in  1894,  and  already  referred 
to  on  page  278,  it  is  stated  that  it  is  desirable  to  limit  the 
size  of  any  building  intended  for  occupation  as  a  lodging-house, 
so  that  it  may  not  accommodate  more  than  some  200  lodgers.  The 
desirability  of  providing  a  dayroom  with  floor  area  afibrding  some 
15  square  feet  to  each  lodger  is  pointed  out;  sleeping-rooms,  it  is 
noted,  should  be  of  moderate  size,  holding  not  more  than  about 
twenty  lodgers  each ;  each  bed,  it  is  suggested,  should  have  some 
5  feet  lineal  across  it,  40  square  feet  of  floor  area,  and  from  300  to 
400  cubic  feet  of  space.   Water-closets  in  the  proportion  of  one  closet 
for  every  fifteen  to  twenty  lodgers,  and  fixed  lavatory  basins  m  the 
proportion  of  one  basin  to  every  ten  lodgers,  are  recommended.  A 
properly  contrived  hot-closet  for  drying  the  wet  clothes  of  lodgers  is 

also  stated  to  be  a  desideratum.  

*  By-laws  recently  brought  into  operation  in  London  for  controlling 
seamen's  lodging-houses  fix  the  standard  at  -100  cubic  feet. 
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The  lighting  of  rooms,  and  the  need  for  securing  adequate  through 
ventilation,  require  to  be  particularly  attended  to  in  large  houses. 
The  practice  of  partitioning  rooms  oflf  into  cubicles,  while  it  affords 
privacy  to  lodgers,  is  likely  to  be  attended  with  serious  interference 
with  both  lighting  and  ventilation.    The  "  open  dormitory  "  system 
possesses,  therefore,  great  advantages  over  the  cubicle  system  from 
a  health  point  of  view.    Dormitories  are  sometimes  heated  by  hot- 
water  pipes,  and  special  arrangements  for  the  extraction  of  foul  air, 
or  the  supply  of  fresh  air,  have,  in  some  instances,  been  made. 
Huge  sleeping-rooms,  in  which  the  air  space  allotted  to  each  indi- 
vidual bed  is  in  communication  with  the  general  atmosphere  of  the 
dormitory,  are  attended  with  the  disadvantage  that  in  the  event  of 
a  case  of  typhus,  small-pox,  etc.,  occurring,  the  whole  "common 
atmosphere  "  of  the  dormitory  falls  under  suspicion  of  being  possibly 
contaminated.    In  large  buildings,  the  question  of  providing  means 
of  escape  in  case  of  fire  assumes  special  importance.     The  standard 
of  cleanliness,  too,  has  been  raised  of  late  years,  and  in  many 
modern  lodging-houses  baths  are  provided ;  the  requirements  of  the 
inmates  are  thus  not  altogether  limited,  as  in  former  days,  to 
"basins  for  personal  washing." 

Schools.— The  Code  of  Regulations  of  the  Education  Department 
(1900)  for  day  schools  contains  (Schedule  vii.)  "Building  rules," 
study  of  which  indicates  the  extent  to  whicli  attention  is  devoted  to 
health  questions  in  the  planning  and  fitting  up  of  public  elementary 
schools.  These  rules  are,  no  doubt,  primarily  intended  to  secure 
the  best  results  attainable  from  a  purely  educational  point  of  view, 
and  health  considerations  are  only  incidentally  touched  upon. 
Thus  it  is  stated  that  "  in  planning  a  school,  the  first  thing  is  to 
seat  the  children  in  the  best  manner  for  being  taught."  Space 
not  used  for  providing  seating  accommodation  is  spoken  of  as 
"  wasted  .space,"  though,  as  has  been  pointed  out,  inasmuch  as 
this  space  "  tends  to  increase  the  otherwise  very  small  quantity  of 
cubic  space  available  for  each  child,  the  term  is  hardly  a  desirable 
one." 

The  rules  specify  the  manner  in  which  classes  may  be  arranged, 
both  in  large  school-rooms  and  in  class-romns- not  providing  accommo- 
dation for  more  than  sixty  children.  In  the  former,  a  width  of 
18  to  22  feet  is  recommended,  and  it  is  prescribed  that  "In  a 
room  18  feet  wide,  groups  of  long  desks,  three  deep,  should  be  used  • 
where  four  rows  are  used,  the  depth  sliould  be  21  feet  6  inches, 
and  If  the  width  is  22  feet,  dual  desks,  five  rows  deep,  are  most 
suitable.     Again:    "Accommodation   in  school-rooms   for  elder 


284 


MANUAL  OF  HYGIENE. 


children  is  calculated  by  tlie  number  of  children  seated  at  desks 
and  benches,  subject  to  a  minimum  of  10  square  feet  per  child  being 
provided."  Further,  there  is  a  provision  that  "  no  school-room  liglited 
from  one  side  only  can  be  approved."    Class-rooms  "  are  calculated 
at  10  square  feet,  if  not  providing  accommodation  for  more  than  sixty 
children,  and  six  rows  of  dual  desks,  or  five  rows  of  long  length 
desks,  are  permissible  in  such  class-rooms."    As  regards  the  method 
of  seating-arrangement,  "benches  and  desks,  graduated  accordnig 
to  the  ages  of  the  children,  should  be  provided  for  all  the  scholars, 
and  placed  at  right  angles  to  the  light.    The  benches  should  be  fitted 
with  backs.    An  allowance  of  18  inches  per  scholar  at  each  desk 
and  bench  will  suffice  (except  in  the  case  of  the  dual  desk),  and  the 
length  of  each  group  should  therefore  be  some  multiple  of  18  inches, 
with  gangways  of  18  inches  between  the  groups  and  at  the  walls. 
A  desk  for  one  child  needs  no  gangway  next  the  wall."    In  the  case 
of  the  dual  desk  the  usual  length  is  3  feet  4  inches,  the  gangway 
being  1  foot  4  inches.    Further,  it  is  stated  that  the  desks  should  be 
inclined  at  an  angle  of  about  15^  ;  again,  long  desks  should  not 
exceed  12  feet  in  length  when  arranged  three  rows  deep,  and  9  feet 
in  length  when  arranged  four  rows  deep,  and  in  school-rooms  with 
more  than  sixty  cliildren,  the  number  of  rows  of  benches  and 
desks  should  not  exceed  four,  even  when  the  width  is  more  than 

21  feet  6  inches.* 

In  infant  class-rooms  the  accommodation  is  calculated  at  only  9 
square  feet  for  each  child  ;  such  rooms,  it  is  noted,  should  not,  "  as  a 
rule,  contain  more  than  sixty"  infants.  Thus  10  square  feet  and 
9  square  feet  are  the  limits  fixed  for  elder  children  and  infants 
respectively  in  new  schools;  it  maybe  observed,  however,  that  under 
certain  circumstances  (Article  85)  in  schools  already  receiving 
grants,  and  in  neighbourhoods  where  there  is  deficiency  of  school 
accommodation,  80  cubic  feet  and  8  square  feet  are  the  hmits 
adopted.  Even  those  limits  cannot  be  considered  absolute  minima, 
as  Article  85  merely  prescribes  that  "  no  room  may  be  liabitually 
used  for  a  larger  number  of  scholars  than  that  for  which  it  is 
passed  by  the  Department."  , 

The  insufficiency  of  these  standards,  from  a  health  point  of  view, 
has  been  increasingly  realised  during  the  last  few  years  That 
each  child  should  have  its  own  desk  has,  at  any  rate  in  the  case 

"*~H^e  at  least  there  appears,  prima  faoie,  to  be  some  indication  that  the 
rules  are  intended  to  glance,  if  it  be  only  obliquely,  at  health  ^^^^^f^^'^'^ 
but  on  reading  further  it  transpires  that  the  requirement  is  made  because 
'  in  proportion  as  the  depth  is  increased  the  teacher  must  raise  his  vo,ce  to 
a  higher  pitch  ;  and  this  becomes  exhausting,  etc.,  etc." 
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of  upper  cLasses  in  well-managed  schools,  long  been  regarded  as 
desirable,  but  that  due  separation  of  young  children  is  also  necessary, 
and  that  the  provision  of  sufficient  floor  space  for  this  purpose  should 
be  made,  has  been  rendered  particularly  evident  since  study  has 
been  made  of  the  extent  to  which  close  aggregation  of  children  in 
class-rooms  favours  the  spread  of  certain  forms  of  infectious  disease. 
Again,  the  principle,  the  importance  of  which  is  admitted,  of  provid- 
ing desks  "graduated  according  to  the  ages  of  the  children,"  can 
only  with  difficulty  be  carried  into  effect  in  cases  where  one  long 
desk  is  made  to  accommodate  several  pupils.  The  desirability  of 
providing  for  each  child  a  desk,  the  dimensions  of  which  are  adapted 
to  its  individual  requirements,  is  great,  from  the  point  of  view  of 
preventing  stooping,  etc.,  and  neglect  of  such  considerations,  and  of 
proper  lighting  of  the  schoolr  oom,  have  undoubted  influence  in 
promoting  development  of  myopia  and  possibly  other  eye  defects. 

C.  E.  Paget,  in  his  "  Handbook  on  Healthy  Schools,"  suggested 
400  cubic  feet  per  child  as  a  minimum  for  eilementary  schools,  and 
800  cubic  feet  for  public  schools.  Between  400  cubic  feet  and  the 
80  cubic  feet  of  the  Code  there  is  a  vast  difference  from  the  point  of 
view  of  seating  accommodation,  and  while  it  is  clear  that  80  cubic 
feet  are  quite  inadequate,  it  is  unlikely  that,  at  any  rate  under 
existing  circumstances,  400  cubic  feet  can  be  generally  provided. 

The  inquiries  of  Carnelley,  Haldane,  and  Anderson,  already 
referred  to,  led  these  observers  to  the  conclusion  that  the  best 
results  were  obtained  in  schools  having  a  system  of  mechanical 
ventilation  by  propulsion,  and  in  instances  quoted  by  them  between 
800  and  1,400  cubic  feet  per  head  were  supplied  hourly.  "W.  N. 
Shaw,  in  a  report  upon  the  ventilation  of  class-rooms  in  Poor  Law 
schools,  suggests  that  a  minimum  supply  of  1,500  cubic  feet  per 
head  per  hour  should  be  required.  He  arrives  at  this  figure  as 
the  limit  by  allowing,  in  the  first  place,  for  the  fact  that  the  school- 
rooms can  be  aired  after  an  hour's  use,  and  hence  a  supply  at  the 
rate  of  2,000  cubic  feet  per  hour  would  be  sufficient  to  keep  the 
impurity  within  De  Chaumont's  limits,  assuming  each  person  to  con- 
tribute -6  cubic  foot  of  CO.  per  hour  ;  again,  he  also  takes  into  account 
the  fact  that  he  is  dealing  with  children  and  not  with  adults. 

The  "Building  Rules"  of  the  Code  prescribe  that  light  shall, 
as  far  as  possible,  "  be  admitted  from  the  left  side  of  the  scholars,'' 
but  when  "  left  light"  is  impossible,  "  right  light  is  next  best."  It 
has  already  been  seen  that  the  windows  should  not  be  limited 
to  one  side  of  the  room  only ;  "  other'  windows  in  class-rooms," 
should,  however,  be  "regarded  as  supplementary,  or  for  sunnner 
ventilation."    The  sills  of  the  windows  should  be  placed  about 
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4  feet  above  the  floor,  but  the  windows  slioulcl  extend  to  within  a 
few  inches  of  the  ceiling,  as  "  large  spaces  between  the  wdndow-heads 
and  the  ceiling  are  productive  of  foul  rooms."  Paget  states  that 
15  square  feet  of  window  space  should  be  provided  for  every  1,000 
cubic  feet  of  room  space.  Apart  from  open  windows  and  doors, 
there  should  be  special  inlets  and  outlets  for  purposes  of  venti- 
lation ;  the  rules  of  the  Code  prescribe  that  "  inlets  should  provide 
a  minimum  of  2^  square  inches  per  child,  and  outlets  a  minimum  of 
2  inches ;  "  they  further  particularly  direct  that  "  rooms  should  in 
addition  be  flushed  with  fresh  air  from  windows  about  every  two 
houi-s." 

As  regards  warming,  a  temperature  of  from  56' — 60°  should  be 
maintained,  and  "  a  thermometer  should  always  be  kept  hung  up  in 
a  school."  The  rules  of  the  Code  contemplate  the  use  of  hot-water 
pipes  or  of  open  grates,  but  only  approve  the  use  of  stoves  under 
certain  conditions. 

Water-closets  should  be  outside  the  main  building.  The  following 
table  is  given  in  the  Building  Rules  already  referred  to  as  indicating, 
approximately,  the  number  of  closets  needed : — 


TJnder  30  children 
50 
70 
100 
150 
200 
300 


)) 


)) 
)) 
)) 
)) 


For  Girls. 

For  Boys. 

For  Infants. 

2 

1 

2 

3 

2 

3 

4 

2 

3 

5 

3 

4 

6 

3 

5 

7 

4 

6 

8 

5 

7 

Urinals  in 

proportion. 

These  figures  relate,  of  course,  to  day  schools;  in  residential  schools 
more  liberal  provision  is  necessary.  In  Poor  Law  schools,  ten 
closets,  with  urinals  in  addition,  per  100  boys,  and  fifteen  per  100 
girls,  have  been  prescribed.  The  rules  in  the  Code  furtlier  contani 
provisions  as  to  drainage-construction  in  scliools. 

Ophthalmia,  etc.,  in  Residential  Schools.— In  residential  schools, 
the  influence  of  tlie  establishment  upon  the  health  of  the  children 
is,  of  course,  likely  to  be  much  more  pronounced  than  in  the  case 
of  day  schools.  In  the  latter,  overcrowding  and  defective  venti- 
lation, until  evidence  of  spread  of  infection  was  forthcoming  m 
recent  years,  for  the  most  part  escaped  criticism,  for  the  tendency, 
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as  a  rule,  was,  in  the  event  of  headaches,  ansemia,  and  other  signs 
of  ill-health  being  noticed,  to  explain  the  phenomena  as  being  due 
to  educational  "  over-pressure."  In  the  Poor  Law  schools,  in  which 
children  lived  continuously,  it  became  apparent  years  ago  that 
certain  ill  effects  were  associated  with  life  in  the  schools.  Re- 
peated outbreaks  of  ophthalmia  especially  drew  attention  to  this 
matter,  and  in  1875  the  subject  was  fully  considered  by  Kettle- 
ship  in  his  "Report  on  Ophthalmia  in  the  Metropolitan  Pauper 
Schools." 

Nettleship  found  the  disease  in  question  had  caused  great  trouble 
m  these  schools,  and  he  drew  attention  to  the  need  of  recog- 
nition of  the  fact  that  outbreaks  of  similar  forms  of  eye-malady, 
affecting  other  residential  schools,  had  from  time  to  time  occurred! 
He  held  that  ophthalmia  must  be  regarded  as  "  the  touchstone  of  the 
general  healthiness  of  an  institution,"  and  that  "  where  many  per- 
sons are  herded  together,  their  eyelids  show  sooner  and  more  certainly 
than  any  other  part  if  the  conditions  of  vigorous  health  are  not 
comphed  with."  The  tendency  of  late  years  has  been  to  regard  the 
aggregation  of  large  numbers  of  children  in  "  barrack  schools  "  as  a 
mistaken  policy,  and  with  a  view  to  giving  effect  to  the  principles 
of  subdn-ision,  the  "cottage  home"  system,  as  opposed  to  the  large 
institution  system,  has  in  some  instances  been  adopted,  or  in  other 
cases  small  independent  houses  have  been  erected  in  place  of  a 
continuous  pile  of  buildings,  and  as  far  as  possible  the  collection 
of  large  numbers  of  children  in  common  living  or  sleeping  rooms  has 
been  avoided. 

Much  has  been  done  to  prevent  the  spread  of  infection,  from  child 
to  cliild,  by  setting  apart  a  brush,  towel,  etc.,  for  the  use  of  each 
individual.  Of  late  years,  with  a  view  to  avoiding  possibility  of 
conveyance  of  infection  by  use  of  common  basins,  etc.,  the  "  spray 
system  "  of  washing  has  been  introduced.  Where  this  method  is  in 
operation,  each  child  washes  under  a  jet  or  spray  of  water,  instead 
of  using  a  basin,  and  it  is  thus  made  impossible  to  employ,  for  the 
purposes  of  ablution,  water  previously  used  by  another  child.  By 
the  adoption  of  such  precautions,  there  is  no  doubt  that  much  has 
been  done  to  limit  the  spread  of  disease.  Again,  the  fact  must  not 
be  Ignored  that  some  of  the  ill  effects  produced  by  life  in  institutions 
have  been  due,  in  the  past,  to  errors  of  diet,  and  to  rigid  adherence 
to  lU-regulated  and  insufficiently  varied  diet-scales 

Questions  of  the  kind  above  referred  to  have  been  brought  into 
special  prominence  in  connection  with  detailed  investigation  made 
into  the  working  of  two  sorts  of  schools.  The  Industrial  and 
Reformatory  School  System  was  made  the  subject  of  inquiry  by  a 
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Depirtmental  Committee  of  the  Home  Office,  whicli  reported  in 
1896  and  the  Poor  Law  schools  were  reported  upon,  by  a  Depart- 
mental Committee  appointed  by  the  Local  Government  Board,  at 
about  the  same  time.    Both  these  inquiries  led  to  emphasis  being 
laid  on  the  evils  of  aggregation  of  large  numbers  of  children  m 
institutions     The  Departmental  Committee  concerned  with  Poor 
Law  schools  particularly  called  attention  to  the  ill  effects  of  such 
a-cregation  upon  the  health,  and  mental  and  moral  development,  of 
the  children.    As  regards  health,  after  alluding  to  the  spread  of  such 
ailments  as  ophthalmia,  ringworm,  and  skin  complaints  generally,  the 
Committee  refer  to  "conditions  of  defective  health  and  vitality  due 
to  imperfect  ventilation,  overcrowding,  poor  diet,  lack  of  exercise, 
massing  together  of  children  in  large  groups,  and  so  forth.  ihis 
Committee  recommended  that  the  subject  of  ventilation  and  warming 
of  the  schools  should  be  investigated  by  an  expert.     Dr.  AN  .  ^. 
Shaw  was  asked  to  undertake  this  duty,  and  in  1897  he  presented 
his  Report,  which  is  particularly  instructive,  dealing  as  it  does 
with  the  problem  of  securing  adequate  ventilation  and  warming 
under  very  varying  conditions,  as  will  be  seen  from  the  follo.vnng 

summary : —  ,    .  ■  ^„ 

DorrmtoTies.-^  was  found  that  cross  venti  atxon  was  mainly 
relied  upon  in  the  schools;  this  system  answered  fairly  well  for  the 
narrower  dormitories  (the  windows  being  opened  some  8  mdies  at 
the  top,  and  the  opening  having  a  perforated  zinc  screen  m  front  ot 
it)  but  needed  to  be  supplemented  by  hot^water  radiators  under  the 
windows.    Special  provision  was  also  necessary  for  ventilation  m 
calm  weather,  and  for  this  purpose  an  arrangement  for  differentia- 
tin..   the  windows   into   inlets   and   outlets  was   suggested.  In 
dormitories  exceeding  24  feet  in  width  similar  ^^^^J"^ 
recommended,  with  a  larger  window  opening  (1  foot  instead  of 
8  inches),  and  it  was  suggested  that  the  allowance  of  cubic  spac. 
per  head  should  be  increased.    Additional  means  of  ventilation 
we  found  to  be  required  in  dormitories  exceeding  30  f eet  m  width 
and  the  employment  o£  mechanical  ventilation,  or  ventilation  bv  a 
wide  factory  chimney,  was  suggested. 

Day  i?ooL.-Here  open  iiues  were  recommended,  supplemented 
by  steam  or  hot-water  pipes,  so  as  to  bring  the  whole  room  to 
a  minimum  of  56°.    The  heating  should  be 

windows,  so  that  incoming  air  may  be  warmed  when  the  ^Mndo  s 
Ire  opened  for  the  purpose  of  ventilation.    Cold  air  openings  at  th 
floor  level  may  also  be  provided,  with  doors  that  may  be  closed  in 
very  old  weather  and  opened  when  no  artificial  warming  is  required. 
ILny  Roo.ns.-The  temperature  should  be  raised  to  between  o7 
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and  59°  F.  before  the  commencement  of  a  meal,  and  the  ventilation 
should  be  sufficient  to  prevent  the  temperature  rising  more  than 
3"  F.  during  the  half-hour  of  meal  times. 

School-rooms. — Warmed  air  should  be  supplied  mechanically  at 
the  rate  of  1,500  cubic  feet  per  hour  per  child,  during  school  hours, 
at  a  temperature  of  from  55°  to  57°,  the  existing  openings  for 
ventilation  being  retained  as  outlets  for  the  air. 

Ivfii-maries.—O^Qn  fires  are  mainly  to  be  relied  upon.  In  wards 
occupied  by  day  and  by  night  the  number  of  beds  should  not  exceed 
five  for  each  open  fire  (or  other  motive  power),  capable  of  extracting 
20,000  cubic  feet  per  hour.  In  wards  occupied  by  night  and  only 
partially  by  day,  in  which  a  larger  number  of  persons  than  that  just 
indicated  is  accommodated,  the  open  fire  ventilation  must  be  supple- 
mented by  providing  cased  hot-water  or  steam  coils  under  windows 
on  opposite  sides,  and  separate  extraction  flues  must  be  provided. 

Influence  of  School  Attendance  on  Spread  of  Other  Infectious 
Diseases.— The  spread  of  certain  forms  of  infectious  disease,  other 
than  ophthalmia,  ringworm,  etc.,  in  schools  requires  to  be  now  more 
particularly  referred  to. 

The  influence  of  school  attendance  in  connection  with  diphtheria 
prevalence  was  demonstrated,  in  1876,  at  Brailes,  by  W.  H.  Power; 
and  Thome  Thorne,  in  1877,  noted  that  in  an  outbreak  of  diphtheria 
at  Coggeshall,  children  at  school  age  had  been  specially  affected. 
Power,  in  1882,  investigated  an  outbreak  of  diphtheria  which 
occurred   at   Pirbright,  and  showed,   from   consideration  of  the 
behaWour  of  the  disease  during  periods  of  school  closure,  and  again 
durmg  periods  when  the  school  was  open,  that  "  conditions  of  school 
attendance  played  an  important  part  in  the  speciality  of  the  inci- 
dence of  grave  illness  on  children  three  to  twelve  (years  of  age)  in 
Pirbright."    Other  outbreaks  were  from  time  to  time  investigated 
by  inspectors  of  the  Local  Government  Board,  and  it  was  found 
"  that  apart  from  age  and  susceptibility,  '  school  influence,'  so-called 
tends  to  foster,  diffuse,  and  enhance  the  potency  of  diphtheria,  and 
this,  m  part  at  least,  by  the  aggregation  of  children  suffering  from 
that  'sore  throat'  which  commonly  is  prevalent,  antecedent  to  and 
concurrently  with,  true  diphtheria."    The  suggestion  was  made  that, 
under  certain  favouring  conditions,  there  might  "  be  a  progressive 
development  of  the  property  of  infectiveness  "  (Thorne  Thorne). 

In  1884  an  Article  was  inserted  in  the  Code  of  Regulations  of  the 
bomnuttee  of  Council  on  Education  dealing  with  the  question  of 
school  closure,  and  a  Memorandum  on  the  subject  of  "  School  closure 
and  exclusion  from  school  of  particular  scholars  as  means  for  con- 
trolling spread  of  infectious  disease  "  was  issued,  in  the  same  year, 

19 
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by  the  Local  Government  Board.     This  "  School  M^morandun. 
was  re-issued  in  1890.    Article  88  of  the  Day  Schoo  Co^e  of  1900 
(which  is  the  revised  form  of  the  Article  first  issued  m  l  884)  pre- 
scribes that  the  managers  of  a  public  elementary  school    must  at 
once  comply  with  any  notice  of  the  sanitary  authority  of  the  distnct 
in  which  the  school  is  situated,  or  any  two  members  thereof,  acting 
on  the  advice  of  the  medical  officer  of  health,  requiring  them,  for  a 
specified  time,  with  a  view  to  preventing  the  spread  of  ^i^ea^e  or 
any  danger  to  health  likely  to  arise  from  the  condition  of  the  school, 
either  to  close  the  school  or  to  exclude  any  scholars  from  attend^ 
ance;  but  after  complying  they  may  appeal  to  the  Department  if 
they  consider  the  notice  to  be  unreasonable.  _ 

The  School  Memorandum  of  1890  may  be  summarised  as 
follows -.-After  pointing  out  that  the  diseases  principally  requiring 
action  are  those  which  spread  by  infection  directly  from  person  o 
"erson  such  as  scarlet  fever,  measles,  diphtheria,  whooping-cough, 
Wllx  and  rotheln,  reference  is  made  to  the  fact  that  two  alter- 
rSn'es  of  action  are  indicated  in  Article  ^^^^^ ^^^^^^ 
much  as  it  is  assumed  that  it  may  be  necessary  either  («)  to  cause 
"articuL  scholars  to  be  for  a  specified  time  excluded  from  attend 
!nce  the  "less  severe  measure";  or  (b)  to  require  the  school  to  be 
Ise'd   or  a  specified  time,  "a  measure  that  seldom  ought  to  be 

..e...,  such  as  could  not  be  looked 

for  from  less  comprehensive  action.  ^      .    .  .  ... 

The  Memorandum  lays  down  the  universal  principle  that  all 
The  Memora  j        danc^erous  infectious  disorder  should 

children  suffering    -J/^^  f         j,,,,  .^ased  to  be  infectious. 

furthermore,  a  I  childr^^^  ^^^^^  ^   ^^^.^^^^^  ^^^^^^ 

andsometimes  the  atW^^^^^^  ^^^^^^^  .^^^^^^^^ 

ri::   art»^  tl.  case  of  diseases  involv- 

course,  oe  mu    f  ^^^^  diseases. 

The  c^^smg  o  ,         »  Tj^g  jj^ere  fact  that  m  an  epidemic 

ausion  of  part-^^^^^^^  children  does  not  necessarily  show 

many  of  the  ^^^eiers  a  ^^^^^^         ^^.^^j^  p^^. 

babihty,  be  reg  f  ^  ^^.^^  attending  school . 

stm  grelr  Fobability  if  a  number  of  children  li^-ing  at  a 
and  with  still  gr^^ter  p         J  circumstances  in  common, 
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attacked,  and  if  it  can  be  ascertained  tliat  a  child  or  teacher  in  an 
infectious  state  has  actually  been  attending  the  school." 

In  Articles  9,  10,  and  11  of  the  Memorandum,  the  subject  of 

alternative  powers  is  thus  discussed  :  

"In  deciding  Avhether  an  outbreak  of  infectious  disease  among 
children  of  school  age  may  be  best  combated  by  closing  the  school, 
or  whether  it  will  suffice  to  exclude  the  children  of  infected  house- 
holds, the  two  most  important  points  to  be  considered  are— 

"The  completeness  and  promptness  of  the  information 
received  by  the  officers  of  tlie  sanitary  authority  respecting 
the  occurrence  of  infectious  cases. 

"  The  opportunities  which  exist  for  intercourse  between  the 
children  of  different  households  elsewhere  than  at  school." 
"The  more  prompt  and  full  the  knowledge  of  cases  of  infectious 
disease  that  the  sanitary  authority  are  able  to  obtain,  the  better  will 
be  the  prospect  of  checking  such  disease  by  keeping  away  from 
school  the  children  of  infected  households,  and  the  less  will  be  the 
necessity  for  closing  schools.    If  the  cases  be  few  in  number,  and 
their  origin  known,  the  exclusion  from  school  of  the  children  of 
infected  households  will  probably  suffice,  but  this  measure  will  fail 
where  there   are  many  undiscovered   or   unrecognised  cases,  or 
where  the  known  centres  of  infection  are  peculiarly  numerous. 
Commonly,  the  failure  of  carefully  considered  measures  of  exclu- 
sion to  stay  the  spread  of  an  epidemic  which  shows  a  special 
incidence  upon  school  children,  may  be  regarded  as  pointing  to  the 
continued  attendance  at  school  of  children  with  the  prevalent  disease 
m  a  mild  or  unrecognised  form,  and  a  strong  case  will  appear  for 
the  closing  of  schools.    If,  by  reason  of  the  absence  or  exclusion  of 
a  large  number  of  children,  the  attendance  at  a  school  be  greatly 
reduced,  it  may  be  found  better  to  close  it  altogether.    This  is 
especiajly  apt  to  occur  in  the  case  of  epidemics  of  measles,  a  disease 
which  IS  very  infectious  in  the  early  stages,  before  the  characteristic 
rash  has  appeared,  and  while  the  symptoms  resemble  those  of  a 
common  cold." 

"  The  second  material  consideration  in  deciding  as  to  the  desirability 
of  closing  schools  during  the  prevalence  of  infectious  disease  is  the 
amount  of  opportunity  for  inter-communication  between  the  members 
of  chfferent  households  elsewhere  than  at  school.  In  sparsely 
populated  rural  districts,  where  the  children  of  different  households 
or  of  separate  hamlets,  rarely  meet  except  at,  or  on  their  way  to' 
the  village  school,  the  closing  of  the  school  is  likely  to  b  effectual 
m  checking  the  spread  of  disease.  It  is  less  likely  to  belelT  "  a 
town  or  compact  village  (particularly  where  houses  are  sub  let  and 
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yards  are  in  common),  where  the  children  of  different  householdK, 
when  not  at  school,  spend  their  time  in  playing  together,  and  often 
run  in  and  out  of  each  other's  houses  *  In  some  such  places  the 
closing  of  schools  has  even  appeared  to  do  harm  rather  than  good. 
In  rural  districts,  where  epidemic  diseases  are  less  frequently 
prevalent,  school  closing  may  be  required  as  an  exceptional  measure 
to  meet  an  exceptional  state  of  things.  As  regards  more  populous 
places,  it  must  not  be  forgotten  that  if  schools  were  to  be  closed 
whenever  infectious  disease  was  prevalent,  there  are  many  places 
where  schools  would  hardly  ever  be  open." 

A  number  of  other  points  are  touched  upon  in  the  Memorandum : 
the  importance  of  mutual  aid  being  rendered  by  school  authorities 
and  health  officers  is  alluded  to— the  fact  that  a  time  should  be 
specified  during  which  scholars  are  to  be  excluded  from  attendance 
is  mentioned-and  the  absence,  under  Article  88  of  the  Code,  of  power 
of  control  over  Sunday  and  private  schools  is  pointed  out. 

Further  Study  of  School  Influence.— Numerous  outbreaks  of  ill- 
ness have  been  dealt  with  from  time  to  time  on  the  lines  laid 
down  in  the  Memorandum-at  first  mainly  in  rural  districts,  but 
in  more  recent  years,  and  particularly  since  increasing  use  has  been 
made  of  the  information  afforded  by  notification  certificates,  a  so  m 
towns     Shirley  Murphy  has  repeatedly  commented,  m  annual  and 
special  reports,  upon  the  extent  to  which  school  influence  _  has 
operated  in  favouring  the  spread  of  scarlet  fever  and  diphtheria  in 
London  schools.  In  1891  and  1894  he  had  already  noted  the  fact  that- 
there  had  been  an  increased  incidence  of  diphtheria  ^lortality  m 
recent  years  upon  the  age  3  to  10  years,  as  compared  ^vith  the  m- 
cidence  upon  all  ages.    This  new  departure  was  more  noticeable 
in  London  than  in  other  parts  of  the  country,  and,  ha.-ing  regard 
to  the  time  of  its  appearance,  was  "  suggestive  of  a  f^esh  factor^oj 
diphtheria  at  ages  3  to  10  years  becoming  operative  m  tl-  decennmm 
1871-80,  the  increased  tendency  of  children  from  3  to  10  years 
of  age  to  die  from  diphtheria  having  manifested  itse  f  somewhere 
betJeen  the  two  periods,  1861-70  and  1871-80.     A  closer  exa- 
mination pointed  "to  the  year  1871  as  that  m  ^^^-^\'YZr^  lt 
incidence  first  became  conspicuous,"  and  it  was  noted  that  the 
Elementary  Education  Act  first  became  operative  m  that  year. 
The  question  as  to  how  far  altered  nomenclature  was  respons  b  e 
for  the  behaviour  of  the  figures  obviously  required  to  be  con- 
sidered; it  was  found,  however,  tIiat^on_mdi^^ 

*  It  is  to  be  observed,  however,  that  the  close  aggregation  ^\f^^'l''J;\ 
the  dalrooms  of  public  elementary  schools  does  not,  as  a  rule,  find  an, 
parallel  in  the  conditions  of  home  or  street  life. 
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cliphtherica,  similar  results  to  those  afforded  by  the  diphtheria  figures 
alone  were  still  obtained. 

Moreover,  in  1894,  Shirley  Murphy  called   attention  to  the 
fact  tliat  the  influence  of  schools,  in  giving  opportunity  for  the 
communication  of  infectious  disease  from  person  to  person,  was 
being  manifested  in  another  way.    "It  might  be  expected,"  he 
said,  "that  any  interruption  in  school  life  would  be  indicated 
by  a  diminution  in  the  amount  of  prevalence,"  assuming  that 
school  influence  was  at  that  time  operative.   He  was  led  to  look, 
therefore,  for  "some  evidence  of  the  influence  of   longer  holi- 
days," and  the  existence  of  a  "marked  August  holiday  depression" 
was,  as  a  result  of  liis  inquiries,  demonstrated  in  the  curves  showing 
the  cases  of  diphtheria  and  scarlet  fever  notified  week  by  week.* 
But  it  was  argued,  "  the  closing  of  schools  ought  to  be  attended  by 
some  difference  in  the  age-incidence  of  the  disease,  if  it  is  associated 
with  diminution  in  the  amount  of  disease  caught  at  school."  On 
grouping  the  cases  (of  scarlet  fever  or  of  diphtheria)  into  three  age- 
periods— under  three  years  of  age,  above  three  years  of  age  and 
under  thirteen  years  of  age,  and  above  thirteen  years  of  age— it 
was  found  that  the  children  from  three  to  thirteen  years  of  age 
enjoyed  a  larger  immunity  during  the  holidays  than  did  persons 
at  other  ages;  in  other  words,  the  holiday  depression  was  especially 
marked  in  the  case  of  persons  of  school  age.    It  was  noted  that  it 
was  of  course  "possible  that  other  influences,  such  as  the  migration  of 
population  from  London,"  might  have  contributed  to  the  August 
depression.     To  meet  the  requirements  of  the  case,  it  wouM  be 
necessary,  however,  to  assume  "that  this  migration  was  of  very 
notable  extent,  and  that  children  at  school  age  migrated  very  much 
more  largely  than  persons  at  other  ages." 

In  a  report,  entitled  "Diphtheria  and  Elementary  Schools" 
bearing  date  July,  1898,  the  evidence  upon  the  subject  was  re-stated 
by  Shirley  Murphy,  and  further  figures  which  had  then  become 
available  were  made  use  of.  It  was  found  that  in  London,  and  in 
England  and  Wales  generally,  there  had  been  a  notable  increase  of 
relative  incidence  of  diphtheria  mortality  on  the  ages  3—4  4_5 
5-10,  and  10-15.  The  extent  to  which  this" increased  inci- 
dence^might  be  attributable  to  changes^due_fco  differences  in  nomen- 
♦  The  depression  did  not  precisely  correspond  with  The^^eVioTof  closure  • 
thus  It  commenced  about  a  week  after  the  schools  closed  ("allowing  two  oi- 
three  days  for  the  incubation  of  the  disease,  two  or  three  days  for  thJ 
caMoT".  ."T"""'  recognised,  and  perhaps  for  a  little  delay  in  Uie  notifi-' 
^cTJlr^^  ""l'  71  f  "'P^^"°"«  ^"  ^•<=cks  ternunating  about  a 

cTepresion  ''-'T^'^'^-  of  enteric  fever  showe.l  no  August 
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clature,  to  changes  due  to  actual  behaviour  of  disease,  or^  to 
changes  due  to  some  varying  social  conditions  of  the  community, 
was  then  carefully  considered. 

As  regards  nomenclature  it  was  felt  that  the  only  safe  course 
to  adopt,  in  considering  variations  in  prevalence  of  diphtheria,  was 
to  group  together  croup  and  diphtheria  deaths.  The  question  of 
transference,  from  scarlet  fever  to  diphtheria,  also  needed  con- 
sideration in  connection  with  the  altered  age-incidence  of  diphtheria; 
here  the  figures  were  found  to  suggest  that  some  such  transference 
had  taken  place.  The  fact,  however,  remained,  that  "  irrespective  of 
all  questions  of  change  in  nomenclature,  there  is  increased  incidence 
on  the  ages  3—4,  4—5,  and  5—10,  when  the  figures  relating  to 
diphtheria,  croup,  and  scarlet  fever  are  all  combined."^  The 
hypothesis  that  this  increase  was  caused  by  the  aggregation  of 
children  at  school  appeared  "  most  likely  to  be  correct,"  and  when 
careful  study  was  made  of  the  behaviour  of  other  diseases  (measles, 
scarlet  fever,  and  whooping-cough),  nothing  was  found  which  could 
be  held  to  militate  against  this  hypothesis. 

As  regards  the  August  depression,  additional  evidence,  supplied 
by  the  figures  available  for  more  recent  years  than  those  previously 
dealt  with,  was  now  forthcoming,  and  it  was  clear  that  there  was 
a  close  correspondence  in  point  of  time  between  the  diminution 
of  prevalence  and  the  closing  of  the  schools,  allowance  being  made 
for  incubation  and  a  little  delay  in  notification.  It  was  further 
noticed  that  the  depression  in  the  curves  relating  to  the  age-period 
0—3  generally  occurs  somewhat  later  than  in  those  relating  to 
the  age  3—13,  suggesting  "a  lessening  of  the  infection  of  the 
younger  by  the  older  children." 

Shirley  Murphy  concludes,  as  the  result  of  his  inquiry,  that 
a  substantial  balance  of  the  increased  incidence,  of  diphtheria 
mortality,  upon  children  at  the  school  age,  is  due  to  "greater 
opportunity  of  infection  at  school,"  and  he  says:  "This  change  m 
the  age-incidence  of  mortality  had  its  beginning  about  the  time  that 
compulsory  attendance  at  school  had  its  beginning,  has  affected 
the  country  as  a  whole,  and  has  not  only  been  maintained  ever 
since,  but  has  steadily  grown  in  proportion  until  the  present  time. 
Examination  of  the  figures  supplied  by  the  notifications  of  diphtheria 
points  in  the  same  direction.  The  very  striking  difference  in  the 
age-incidence  of  notified  cases  when  schools  are  in  operation  and 
when  school  attendance  is  suspended  for  the  summer  holidays 
is  in  agreement  with  the  hypothesis  that  the  age-incidence  ot 
diphtheria  mortality  has  been  affected  by  attendance  at  school. 
Again,  this  behaviour  of  the  figures  supplied  by  notification,  is  not 
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limited  to  those  of  London,  but  is  shared  by  the  figures  of  other 
large  towns." 

In  connection  "with  the  investigation  of  school  influence,  it  has 
been  found,  in  some  instances,  that  particular  classes  in  the  school 
have  sutfered  to  a  disproportionate  extent ;  again,  in  schools  con- 
taining boys'  and  girls'  and  infants'  departments,  one  of  these 
departments  only  has  been  especially  attacked.  The  infants'  de- 
partment, as  might  be  expected,  has  been  more  particularly  involved 
in  numerous  instances.  Such  limitation  of  disease  to  classes  or  depart- 
ments of  a  school  has,  of  course,  important  bearing  upon  the  question 
of  school  closure.  The  increasing  amount  of  attention  which  has 
been  directed  to  the  risk  of  spread  of  infectious  disease  by  school 
operations  has  led  to  the  system  of  periodical  medical  inspection 
of  scholars  being  adopted  in  several  instances.  By  this  means 
cases  of  illness,  which  might  otherwise  not  be  recognised  and  might 
cause  much  mischief,  can  be  detected  and  prevented  from  giving 
rise  to  further  cases. 

Hospitals. — A  hospital  has  been  described  by  Sir  John  Simon 
as  "  an  establishment  which  never  rests  from  fouling  itself,"  hence 
its  construction  and  surroundings  require  to  receive,  in  a  special 
degree,  the  attention  with  regard  to  matters  of  lighting,  ventilation, 
aspect,  etc.,  which  has  already  been  noted  as  necessary  in  the  case 
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FIG.  78. 

General  Plan  of  the  Hopbort  Hospital,  Woolwich. 
(After  Gallon.) 

of  dwelling-houses  generally.  The  site  should  be  dry,  not  bleak  or 
exposed,  and  yet  not  unduly  slieltered.   The  wards  should,  if  possible, 
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face  east  and  west,  or,  if  any  deviation  from  this  in  permitted,  it 
should  be  with  a  view  to  obtaining  a  south-east  and  north-west  aspect. 
Lofty  structures  of  many  storeys  should  be  avoided  as  far  as  practic- 
able, and  the  buildings  should  be  detached.  Tenon,  in  1788,  drew 
attention  to  the  evils  of  free  intercommunication  between  hospital 
buildings,  in  connection  with  the  old  Hotel  Dieu  in  Paris,  a  vast 
pile  designed  to  accommodate  upwards  of  3,000  persons,  having  the 
most  infectious  departments  placed  in  the  middle  of  the  building, 
and  constituting  practically  a  huge  ward.  Such  a  pile  was,  as  tliis 
writer  said,  more  fit  "to  destroy  than  to  establish  and  preserve 
health."  Tenon  urged  that  intercommunication  between  wards 
should  be  as  far  as  possible  prevented. 

In  modern  hospitals,  with  a  view  to  attaining  this  object,  what  is 


FIG.  79. 

Sketch  of  the  End  of  Southern  Pavilions  of  the  Herbert  Hospital,  showing  the 
Elevation  of  the  Corridor.    ( J/tcr  Galto7i.) 

is  known  as  the  "  pavilion  system,"  the  main  features  of  wHch  are  in- 
dicated in  Figures  78  and  79,  is  usually  adopted.  The  elevation  shows 
pavilions  two  storeys  high  and  united  by  a  corridor;  the  administrative 
buildings  are  centrally  placed,  but  are  detached,  as  they  should  be, 
from  the  ward  blocks.  Buildings  only  one  storey  high  have  been, 
in  many  instances,  erected,  and  they  present  special  advantages, 
but  expense  will,  as  a  rule,  preclude  the  adoption  of  such  a  plan  of 
construction.  In  any  case,  however,  the  space  between  the  blocks 
should  be  such  as  to  allow  of  adequate  lighting  and  ventilation  of 
the  wards.  Even  where  the  cost  of  land  is  great,  the  essential 
principle  of  separating  wards  and  administrative  buildings  should 
still  be  observed :  the  operating-room  should  be  disconnected  from 
the  wards;  the  mortuary  should  be  removed  from  other  buildings; 
the  laundry  and  out-patient  departments  should  not  be  in  aerial 
communication  with  wards,  and  the  medical  and  surgical  wards 
should  be  kept  apart  from  one  another. 

The  ward  unit  is  usually  rectangular  in  shape,  24  to  30  feet  wide, 
and  from  30  to  100  feet  in  length.  The  floor  space  per  bed  should 
be  at  least  100  square  feet,  and  this  amount  may,  with  advantage, 
be  increased  in  wards  in  wliich  special  cases  are  treated,  or  in  wards 
in  which  clinical  teaching  is  carried  on.    The  cubic  space  sliould  be 
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at  least  1,200  cubic  feet  per  patient,  and  when  acute  cases,  only,  or 
infectious  cases  are  dealt  with,  1,500 — 2,000  cubic  feet  should  be 
provided. 

Nursing  arrangements  are  best  facilitated  with  wards  containing 
from  24  to  28  beds.  In  Fig.  80  the  ward  contains  24  beds,  each  of 
which  is  placed,  as  is  desirable,  between  two  windows  ;  the  intervening 
space  between  the  ^vindows  extends,  it  will  be  seen,  rather  more 
than  a  foot  on  each  side  of  the  bed.  In  some  instances  ^vindows 
are  so  arranged  that  two  beds  can  be  placed  in  the  space  between 
them,  but  this  method  of  planning  is  less  satisfactory.  In  Fig.  80 
the  spacing  between  the  beds  is  equal  throughout,  each  bed  having 
about  10  feet  of  wall  space  allotted  to  it,  while  the  interval  between 
the  beds  is  about  7  feet.  This  arrangement  affords  some  145  square 
feet  of  floor  space  per  bed.  In  no  case  should  the  interval  between 
beds  be  less  than  5  feet,  and  in  wards  for  acute,  or  for  infectious 
cases,  the  interval  should  be  increased  to  10  feet.  It  will  be  noted 
that  in  the  figure  the  end  beds  have  a  window  on  each  side  of  them, 
and  this  arrangement  is  desirable,  as  otherwise  the  space  occupied 
by  the  end  beds  would  be  less  favourably  circumstanced,  as  regards 
ventilation,  than  that  in  the  neighbourhood  of  other  beds. 

The  total  area  available  for  lighting  purposes  should  be  in  the  pro- 
portion of  1  foot  to  60  —  80  feet  of  cubic  space,  and  the  windows  should 
extend,  from  2  to  2 J  feet  from  the  floor  level,  to  within  as  short  a  dis- 
tance  as  possible  of  the  ceiling.    The  heating  may  be  eff'ected  by  venti- 
lating stoves  situated  in  the  centre  of  the  ward,  with  flues  passing 
under  the  floor — open  fireplaces,  or  coils  of  steam  or  hot- water  pipes 
are  often  used.    Inlets  for  admitting  warmed  air  are  sometimes 
placed  beneath  the  beds;  the  patient  then  breathes  pure  air,  and 
the  exhaled  air,  driven  upwards  in  the  act  of  being  breathed  out,  is 
carried  oflF  by  the  outlets  in  the  upper  part  of  the  ward.    In  some 
modern  hospitals  for  the  treatment  of  infectious  cases,  special  ex- 
traction shafts  carry  away  the  air  of  the  ward,  and  convey  it  through 
a  furnace,  with  the  object  of  destroying  any  infective  properties  it 
may  possess.     In  any  case,  ventilation  should  be  provided  for,  to 
the  extent  of  at  least  3,000  cubic  feet  per  head  per  hour.  In 
this  country  reliance  is,  as  a  rule,  mainly  placed  upon  the  ventila- 
tion aff"orded  by  open  windows,  as  it  is  found  that  "on  about 
300  to  330  days  in  the  year  it  is  possible  to  opeji  the  windows 
of  a  hospital  ward  without  injury  to   the   patients."     In  the 
more  recently  constructed  hospitals,  cross  ventilation  is  secured  : 
the  windows  are  fitted  with  double-hung  sashes,  and  a  deep  fillet 
at  the  sill  is  often  provided,  witli  a  view  to  the  admission  of  air 
between  the  upper  and  lower  sash,  without  causing  draught  at  the 
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sill  level.  In  addition  to  such  window  ventilation,  it  has,  how- 
ever, been  found  desirable  to  arrange  for  the  admission  of  warmed 

air  by  ventilating  stoves,  and 
by  openings  so  situated  that 
the  entering  air  is  warmed  by 
steam  or  hot-water  pipes.  A& 
regards  exhaustion  of  air,  fire- 
places are  mainly  relied  upon, 
and  in  addition  vertical  shafts 
in  which  an  upward  current 
of  air  is  produced,  by  coils  of 
steam  or  hot-water  pipes,  have 
also  been  provided  in  some 
instances. 

The  water-closets  and  lava- 
tories should  be  disconnected, 
by   cross  -  ventilated  lobbies, 
from  the  ward.    The  walls  of 
the  ward  should  be  impervious, 
and  capable  of  being  washed, 
all    crevices    in  which  dust 
might  lodge   being  avoided, 
and  in  place  of  corners  and 
angles,  rounded  surfaces  should 
be  provided.     Glazed  bricks 
or  tiles  are  sometimes  used,  or 
a   cemented   surface  covered 
with  varnish  may  be  employed. 
Sometimes  the  lower  part  of 
the  walls  is  covered  ^vith  a 
cement  dado,  painted  and  var- 
nished, while  the  upper  part  is 
finished  with  plaster  and  dis- 
tempered.  The  varnished  sur- 
face can  be  washed,  and  the 
distemper  should  be  renewed 
at   least   once  yearly.  The 
floors  should  be  of  fireproof 
material,  formed  by  iron  joists 
embedded  in  concrete,  and  -with 

  the  wooden   floor  laid  solid 

upon  the  concrete  surface,  no  intervening  space  capable  of  harbour- 
ing dust  or  germs  being  left;  the  boards  should  be  stained  and 
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polished,  so  as  to  obviate  need  for  continual  washing.  In  Fig.  80  a 
separate  room  is  shown  at  one  end  of  the  main  ward.  Such  provision 
for  the  isolation  of  cases  which  may  prove  to  be  infectious  is  requisite 
in  a  hospital,  though  not  necessarily  in  connection  with  each  ward. 

Isolation  Hospitals.— In  the  eighteenth  century,  and  indeed 
before  that  period,  isolation  of  infectious  cases  seems  to  have  been 
practised  in  certain  instances  in  lazarettos  in  connection  with  quaran- 
tine arrangements,  but  it  was  not  until  the  latter  half  of  the 
nineteenth  century  that  isolation  hospitals  were  provided  on  any 
considerable  scale.  The  growth  of  the  isolation  system  in  the  latter 
part  of  that  century  will  be  appreciated  by  reference  to  the  history 
of  infectious  hospitals  in  London.  Until  the  year  1867  the  London 
Fe  ver  Hospital  and  the  Highgate  Small -pox  Hospital  were  the  only 
existing  special  isolation  hospitals,  and  they  were  primarily  devoted 
to  the  treatment  of  paying  patients,  no  other  special  hospitals  being 
available  for  the  poorer  members  of  the  community  suffering  from 
infectious  disease ;  thus  the  persons  specially  needing  to  be  provided 
for  were  dependent  upon  the  workhouse  or  the  general  hospital, 
while,  to  a  large  extent,  owing  to  the  insufficiency  of  the  accommo- 
dation available,  such  persons  were  of  necessity  treated  in  their  own 
homes,  practically  no  attempt  at  their  isolation  being  made. 

The  evils  attendant  on  this  system  became  so  manifest  that  in 
1867  the  Metropolitan  Asylums  Board  was  constituted  and  em- 
powered to  make  the  necessary  provision.  At  first  it  was  thought 
that  it  would  be  sufficient  to  construct  two  permanent  fever  hospi- 
tals, together  with  two  permanent  small-pox  hospitals,  and  two  sites 
(Homerton  and  Stockwell)  were  secured,  and  the  erection  of  a  fever 
and  small-pox  hospital  on  each  site  was  commenced.  A  third  site, 
at  Hampstead,  was  also  shortly  afterwards  acquired.  An  outbreak 
of  relapsing  fever,  in  1869,  necessitated  the  erection  of  temporary 
huts  on  the  Hampstead  site  and  in  the  grounds  of  the  London  Fever 
Hospital,  and  in  1870  and  1871  the  great  small-pox  outbreak  occurred, 
and,  as  result,  all  available  accommodation  was  absorbed,  and  a 
hospital  ship,  moored  off  Greenwich,  was  fitted  up  and  used.  Later 
epidemics  of  small-pox,  in  1876  and  subsequent  years,  led  to  the 
acquirement  of  additional  sites.  It  was  now  noted,  however,  that 
small-pox  was  apt  to  become  especially  prevalent  in  areas  surround- 
ing the  hospitals  in  which  small-pox  patients  were  aggregated. 

Aerial  Diffusion  of  Small-pox.— Power's  investigations  with  regard 
to  the  behaviour  of  small  pox,  in  the  neighbourhood  more  particularly 
of  the  Fulham  Hospital,  in  1881  and  years  immediately  preceding, 
directed  special  attention  to  tliis  matter.    He  found  that,  dealing 
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with  fortnightly  periods  in  the  years  1877-81,  no  sooner  did  the 
number  of  recorded  admissions  to  the  institution  exceed  35  or  40, 
than  the  influence  of  the  hospital  upon  the  surrounding  popula- 
tion began  to  manifest  itself.    The  relation  between  use  of  tlic 
hospital  and  manifestation  of  excessive  small-pox  m  its  neighbour- 
hood was  not,  however,  demonstrable  when  the  hospital  was  em- 
ployed for  convalescents  only.    A  "  special  area,"  included  m  a 
circle  of  one  mile  radius,  having  the  hospital  as  a  centre,  was 
selected ;  this  area  was  divided  up  into  four  others  by  concentric 
circles  of  a  |-mile,  |-mile  and  f-mile  radius  respectively,  eacli  ot 
these  circles  also  having  the  hospital  as  a  centre.     The  facts 
admitted  of  being  tabulated  as  follows:—  ■ 

Ailmiissions  of  Acute  Small-pox  to  Falham  Hospital,  ai^  Incidence  of. 
Small-pox  upon  Houses  in  Several  Divisions  of  the  Special  Area 
during  Five  Epidemic  Periods. 


Cases  of  acute  small-pox 
admitted. 

Incidence  on  every  hundred  houses 
within  the  special  area  and  its 
divisions. 

In  epidemic  periods  since 
opening  of  hospital. 

On  total 
special  area. 

On  small  circle 
0-^  mile.  • 

tp 

t  ^ 

tS  -j" 
o 

■  

tp  j 

i 

5^  1 

O    1  \ 

O 

On  third  ring 
3-1  mile. 

1 

327 
714 
679 
292 
515 

March,  1877.  to  end  of  1877 
Jan.,  1878.  to  Sept.,  1878 
Sept.,  1878,  to  Oct.,  1879 
Oct.,  1879,  to  Dec,  1880 
Dec.,  1880,  to  April  2,  1881 

1-10 
1-80 

.  1-68 
•58 

1  1-21 

3-  47 

4-  62 
4-40 
1-85 
3-00 

1-  37 

2-  55 
2-63 
1-06 
1-64 

1-27 
1-84 
1-49 
,  -30 
1  1-26 

•36 
•67 
•64 
•28 
•61 

j  2,527 

Five  periods. 

6-37 

17-34 

9-25 

1  6-15 

j  2-56 

The  "  very  exact  and  very  constant    grauatxux.      ...^  . 
incidence  upon  houses,  at.increasing  distances  from  the  hospital^v^ 
found  not  to  be  explicable  as  a  result  of  ^-^^f^^^^^ 
tions  of  the  establishment  with  the  outside  world.     Thus  houses 
upon  the  chief  lines  of  human  intercourse  with  the  hospita  Had 
not  suffered  more  than  other  houses,  and  the  ingoings  and  outgoings 
of  various  classes  of  persons  did  not  suffice  to  explain  the  plienomena^ 
Power  was  led  to  conclude  that  direct  atmospheric  agency  had 
been  operative  in  promoting  spread  of  the  diseas^  offiTof 
(published  in  the  Tenth  Annual  Beport  of  the  Medical  Officer  of 
the  Local  Government  Board)  refers  to  "  weather  circumstances 
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which  appeared  to  have  favoured  such  atmospheric  conveyance  of 
infection,  and  to  certain  other  problems  arising  on  examination  of  an 
hj^othesis  of  aerial  diffusion  of  small-pox.  These  inquiries  led  to 
the  appointment  of  a  Royal  Commission  in  1881,  to  consider  "the 
conditions  and  limitations  under  which  the  hospitals  provided  by  the 
Managers  should  be  continued " ;  and  among  the  recommendations 
made  by  the  Commissioners  were  the  following : — The  provision  of 
hospital  accommodation  for  infectious  disease  should  be  entirely 
disconnected  from  the  poor-law ;  cases  of  infectious  disease  should  be 
notified  to  the  medical  officer  of  health  of  the  district  in  which  the 
patient  resides ;  small-pox  should  be  treated  in  hospitals  established 
in  isolated  situations  on  the  banks  of  the  Thames,  or  in  floating 
hospitals  on  the  river  itself;  and  convalescent  hospitals  should  be 
established  at  some  distance  in  the  country. 

At  the  moment,  however,  and  as  an  experimental  measure,  it  was 
suggested  that  severer  cases,  too  ill  for  long  journeys,  should  have 
provision  made  for  them  in  a  few  groups  of  small  wards,  within 
the  Metropolis,  to  hold  not  more  than  thirty  or  forty  patients  in 
each  group.    Power  continued  the  while  his  inquiry,  and,  in  the 
Fourteenth  Annual  Report  of  the  Medical  Officer  of  the  Local 
Government  Board,  his  extended  experience  up  to  1884,  is  given. 
He  found  that  "  excess  of  small-pox  in  the  neighbourhood  of  the 
hospital  was  quite  and  specially  remarkable  at  a  time  when  the  total 
admissions  to  hospital  had  not  exceeded  mine."    He,  moreover,  pur- 
sued his  investigations  with  regard  to  "  weather  states,"  and  noted 
that  two  weeks  prior  to  an  outburst  in  June,  1884,  atmospheric 
conditions,  for  a  period  of  some  days,  were  of  such  sort  as  might  be 
thought  of  as  specially  favouring  (1)  escape  upwards  into  the  atmo- 
sphere of  small-pox  infection  derived  from  the  wards  of  the  hospital ; 
(2)  suspension  and  retention  in  the  atmosphere,  above  and  over  the 
neighbourhood  of  the  hospital,  of  infection-material  which  had  been 
contracted  from  the  hospital  wards;  and  (3)  subsequent  descent, 
mamly  upon  the  special  area,  and  fairly  equably  on  all  sides  of 
tlie  hospital,  of  infection-material  previously  aerially  sustained  and 
spread  abroad  in  the  atmosphere  of  the  hospital  neighbourhood. 

In  the  Fifteenth  Annual  Report  of  the  Medical  Officer  of  the 
Local  Government  Board,  the  result  of  further  observation  of  the 
influence  exerted  by  the  Fulham  Hospital  is  given.  Diagrams 
showing  the  "indifference  of  direction  of  distribution  of  small-pox  in 
the  special  area  "  were  prepared.  Power  divided  up  this  area  into 
quadrants  by  drawing  two  diameters  running  N.  to  S.  and  E  to  W 
and  showed  that  the  gradation  of  incidence  of  small-pox  was 
closely  similar   in  each  of  these   quadrants ;  the  same  fact  was 
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demonstrated  Avhen  a  different  quadrature,  by  diameters  running 
N.E.  to  S.W.  and  N.W.  to  S.E.,  was  taken.  In  spite  of  improve- 
ments in  liospital  administration,  the  disastrous  ability  of  the 
hospital  to  spread  small-pox  was  still  apparent;  it  had  not  been 
extinguished  "by  the  regulation  of  methods  of  transit  or  by  the 
removal  of  opportunities  for  personal  communication  with  patients 
in  hospital."  Moreover,  there  was  further  evidence  supporting  the 
hypothesis  that  "  the  potency  of  small-pox  to  spread  resides  mainly  in 
the  acute  cases,"  and  thus  pointing  to  the  conclusion  that  aggregation 
of  exclusively  acute  and  severe  cases  might  have  in  it  some  new  form 
of  danger  of  its  own. 

Further,  the  Sixteenth  Annual  Report  of  the  Medical  Officer  of  the 
Local  Government  Board  contains,  in  a  "  series  of  chapters,"  the  out- 
come of  Power's  investigations  as  to  the  behaviour  of  small-pox  in 
London  registration  districts  from  1875-85  in  its  relation  to  small- 
pox hospitals.  These  inquiries  raised  a  strong  presumption  that  the 
Fulham  experiences  did  not  stand  alone,  but  that  at  Hampstead, 
Homerton,  Stockwell,  and  Greenwich,  in  which  localities  hospitals 
were  at  one  time  or  another  in  use,  small-pox  infection  had  been  also 
distributed  over  considerable  areas,  most  conspicuously  at  the  com- 
mencement of  epidemic  periods. 

Since  Power's  observations  were  made,  Barry  at  Sheffield,  Shirley 
Murphy  in  St.  Pancras,  Niven  at  Oldham,  Evans  at  Bradford,  and 
other  observers  have  collected  evidence  of  a  similar  kind.  Further, 
the  marked  diminution  of  small-pox  in  London  since  1885,  in  which 
year  the  system  of  removal  to  the  hospital  ships  at  Darenth  was 
inaugurated,  affords  striking  confirmation  of  the  correctness  of 
Power's  views.    On  the  other  hand,  instances  of  the  non-occurrence  of 
the  phenomena  observed  at  Fulham  in  1881  have  been  cited,  but,  of 
course,  mere  negative  evidence  in  this  connection  is  beside  the  mark. 
The  argument  has  been  advanced  that  proximity  to  a  small-pox 
hospital  means  difference  in  character  of  population  of  such  a  sort  as 
to  favour  prevalence  of  the  disease;  this  suggested  explanation, 
however,  cannot  be  regarded  as  meeting  the  large  body  of  evidence 
collected  by  Power  and  others.    The  objectors  to  aerial  dissemi- 
nation limit  themselves,  nowadays,  for  the  most  part,  to  rejecting 
the  possibility  of  such  dissemination  over  long  distances,  that  is  to 
say,  they  accept,  as  a  rule,  the  hypothesis  that  the  disease  can 
spread  in  the  near  neighbourhood,  but  look  upon  excessive  incidence 
of  small-pox,  at  greater  distances  from  the  hospital,  as  being  bound 
up  ^vith  questions  of  human  intercourse,  ambulance  traffic,  and  the 
like.    A  certain  number  of  cases  have  come  before  the  courts  in 
Avhicli  it  has  been  sought  to  obtain  an  injunction,  preventing  the  use 
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of  a  particular  hospital  for  the  treatment  of  small-pox,  on  the  ground 
of  clanger  to  health.  In  the  instances  of  hospitals  at  Witliington  in 
1893,  at  Guildford  in  1895,  and  at  Ossett  in  1898,  injunctions  thus 
applied  for  were  refused. 

To  return,  however,  to  the  recommendations  of  the  Commission 
of  1881.  As  regards  the  first,  an  Act  of  Parliament  was  passed 
removing  all  civil  disabilities  attaching  to  admission  to  hospitals  of 
the  Metropolitan  Asylums  Board.  To  the  second  recommendation 
efi"ect  was  not  given  until  1889,  when  notification  was  tentatively 
introduced ;  its  adoption  was  (except  in  London)  made  in  the  first 
instance  permissive  throughout  the  country  generally.  The  system 
had  previously  been  introduced  in  a  few  towns  under  local  acts;  it  was 
made  compulsory  in  London  in  1889,  and  throughout  the  country  in 
1896.  As  regards  the  third  of  the  above  recommendations,  three 
floating  hospitals  were  ultimately  established  in  Long  Reach,  some 
seventeen  miles  below  London  Bridge,  and  a  temporary  camp  (and  later 
permanent  accommodation)  was  provided  in  an  isolated  situation  at 
Gore  Farm,  near  Darenth.  Convalescent  hospitals  have  also  been 
constructed,  in  accordance  with  the  last  of  the  recommendations 
already  referred  to.  The  removal  by  water  to  the  hospital  ships  was 
effected  in  special  ambulance  steamers,  and  the  land  ambulance 
system  was  soon  developed  and  extended  to  the  removal  of  cases, 
other  than  small-pox,  to  the  ordinary  hospitals  of  the  Board. 

In  1887  an  Order  of  the  Local  Government  Board  empowered  the 
Asylums  Managers  to  receive  all  persons  sufi'ering  from  small-pox  or 
fever,  whose  removal  was  applied  for  by  any  "  duly  qualified  medical 
practitioner"  (the  regulations  made  under  the  Act  of  1867  originally 
made  it  necessary  for  the  Poor-Law  officers  to  sign  the  admission 
orders),  and  in  1889  the  Managers  were  empowered  by  Act  of 
Parliament  to  admit  ("subject  to  such  regulations  as  the  Local 
Government  Board  from  time  to  time  made  ")  any  person  "reasonably 
believed  to  be  sufi'ering  from  fever,  small-pox,  or  diphtheria ; "  finally 
the  Public  Health  (London)  Act,  1891,  threw  the  cost  of  main- 
tenance of  non-pauper  patients  upon  the  county  rate.  The  efi"ect  of 
thus  completely  removing  the  "  stigma  of  pauperism,"  of  making  the 
treatment  gratuitous,  and  of  extending  the  facilities  afforded  to 
diphtheria,  would  in  any  case  have  been  marked ;  the  changed 
conditions  coincided,  however,  with  the  introduction  of  notification. 
The  great  advantages  incidental  to  hospital  treatment  speedily 
appealed  to  the  public,  and  the  cases  admitted  to  the  hospitals 
rapidly  multiplied.  Prior  to  1887  the  number  of  fever  patients 
admitted  in  one  year  had  not  exceeded  2,867,  in  1887  it  rose  to 
6,537,  and  in  1899  it  exceeded  25,000.    This  increase  was  due  in 
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the  main,  not  to  greater  prevalence  of  disease,  but  to  an  augmented 
proportion  of  admissions.  Yor  the  years  subsequent  to  1890  the 
percentage  of  admissions  to  notifications  is  known,  and  it  appears 
that  whereas,  in  the  case  of  scarlet  fever,  in  1890,  only  43  per 
cent,  of  the  notified  cases  were  admitted  to  hospitals  of  the  Board, 
74  per  cent,  were  admitted  in  1899,  while,  in  the  case  of  diphtheria, 
the  percentages  for  the  same  years  were  18  and  70;  the  correspond- 
ing figures  for  enteric  fever  were  22  per  cent,  and  41  per  cent, 
respectively. 

In  1900  the  hospitals,  erected  and  in  use  or  in  course  of  construc- 
tion for  London  inhabitants,  were  designed  to  afibrd  accommodation 
for  some  6,000  acute  and  convalescent  cases  of  fever  and  diphtheria, 
and  for  700  acute  and  1,192  convalescent  cases  of  small-pox,  a  total 
number  of  nearly  8,000  cases.    This  large  extension  of  the  employ- 
ment of  isolation  hospitals  has  considerably  exceeded  the  anticipations 
which  were  made  at  the  time  of  the  Commission  of  1881.    It  was 
thought,  in  the  early  days  of  isolation,  that  powers  of  compulsory 
removal  to  hospital  would  need  to  be  exercised.    Experience  has 
shown  that  such   powers  are  in   practice  rarely  necessary,  the 
advantages  of  removal  of  the  infectious  sick  having  made  themselves 
so  apparent,  that  objection  on  the  part  of  parents  and  friends  has 
not  proved  a  serious  obstacle.    The  carrying  out  of  the  isolation 
system  has  been  greatly  aided  by  the  satisfactory  working  of  ambu- 
lance arrangements,  and  the  fears  at  first  entertained  that  serious 
injury  would  result,  from  conveyance  of  sick  persons  from  their 
houses  to  the  hospitals,  have  been  found,  in  the  light  of  actual  prac- 
tice, almost  wholly  groundless.    Moreover,  the  development  of  the 
system  of   telephonic  communication  has  greatly  facilitated  the 
operations  of  the  Asylums  Managers. 

Isolation  has  not  made  quite  such  rapid  progress  throughout  the 
country  considered  as  a  whole.  In  many  large  urban  centres 
a  good  deal  of  attention  has  been  given  to  the  subject;  thus  m 
Glasgow  the  first  municipal  hospital  was  opened  as  early  as  18b&, 
and  already  in  1881  the  Local  Authority  resolved  "  that  all 
classes  of  the  citizens  suflfering  from  infectious  disease  should  be 
treated  in  hospital  without  any  charge  being  made  therefor. 
Section  131  of  the  Public  Health  Act  of  1875  authorised  the 
provisions  of  hospitals  by  sanitary  authorities  generally. 

An  important  report  on  the  use  and  influence  of  liospitals  for 
infectious  diseases  was  prepared  by  Thome  Thome,  in  1880-81 ,  for  the 
Local  Government  Board  (Supplement  to  the  Tenth  Annual  Keportot 
the  Medical  Officer  of  the  Board) ;  in  the  course  of  the  inquiry, 
detailed  particulars  as  to  the  isolation  hospital  accommodation  tJien 
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in  existence  throughout  England  and  "Wales  were  obtained.  About 
seventy  hospitals  constructed  by  urban,  rural,  and  port  sanitary  author- 
ities were  visited  and  reported  upon.    Attention  was  specially  directed 
to  the  fact  that  if  isolation  liospitals  are  to  be  of  use  their  accom- 
modation must  be  ready  beforehand.     Numerous  instances  were 
encountered  in  the  course  of  the  inquiry  in  which  epidemics  had 
"  eWdently  been  prevented  by  the  isolation  of  first  cases  of  infectious 
disease."  On  the  other  hand,  the  "hospital  hastily  run  up,  when  small- 
pox or  fever  was  making  head  in  the  district,"  had  proved  an  undoubted 
failure.    The  finding  of  the  report  with  regard  to  the  emergency 
hospital  is  as  follows  : — "  It  is  often  not  ready  for  occupation  until  the 
immediate  cause  of  its  erection  has  passed  by ;  it  provides  accommo- 
dation of  a  very  indifferent  sort ;  it  fails,  almost  without  exception,  to 
meet  the  permanent  requirements  of  the  district,  even  when  in  amount 
it  turns  out  to  be  more  than  the  district  needs ;  and  thus  the  object 
of  the  hospital,  as  a  part  of  the  sanitary  defences  of  the  district,  is 
often  attained  in  a  very  imperfect  mannez'  and  at  a  needlessly  large 
cost."    Another  notable  result  of  the  inquiry  was  the  elicitation 
of  the  fact  that  there  was  no  evidence  to  show  that  fevers  (scarlet, 
typhus,  and  enteric)  or  other  infectious  disease  spread  from  the 
hospital  to  the  surrounding  neighbourhood ;  this  experience  waS  in 
marked  contrast  to  the  phenomena  already  referred  to  as  having 
been  observed  in  connection  with  the  isolation  of  small-pox. 

Memorandum  on  Provision  of  Isolation  Hospitals.— A  Memo- 
randum issued  by  the  Local  Government  Board  in  1888  (re-issued 
in  1895),  sets  out  the  general  principles  which  should  be  held  in 
view  by  all  authorities  about  to  establish  isolation  hospitals  for  their 
districts.    This  Memorandum  states  that :  "  For  a  town  the  hospital 
provision  ought  to  consist  of  wards  in  one  or  more  permanent  build- 
ings, with  space  enough  for  the  erection  of  other  wards,  temporary 
or  permanent.    Considerations  of  ultimate  economy  make  it  wise 
to  have  permanent  buildings  sufficient  for  somewhat  more  than  the 
average  necessities  of  the  place,  so,  that  recourse  to  temporary  ex- 
tensions may  less  often  be  necessary.    In  any  case,  it  is  well  to 
make  the  administrative  offices  somewhat  in  excess  of  the  wants  of 
the  permanent  wards,  because  tlius,  at  little  additional  first  cost, 
they  will  be  ready  to  serve,  when  occasion  comes,  for  the  wants 
of  temporary  extensions." 

As  regards  the  number  of  cases  for  which  permanent  pro- 
vision should  be  made,  the  Memorandum  states  that  no  fixed 
standard  can  be  laid  dowii ;  much  "must  depend  upon  various 
considerations,  among  which  the  size  and  growth  of  the  town,  the 
housing  and  habits  of  its  population,  and  the  traffic  of  the  town 
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•with  other  places,  are  the  most  important."  A  rougli  rule  has  been 
^formxilatecl  to  the  effect  that  at  least  one  bed  for  every  1,000  persons 
■should  be  provided :  it  may  be  noted,  however,  tliat  the  provision 
in  London  during  recent  years  has  been  considerably  in  excess  of 
this  standard;  while,  on  the  other  hand,  in  sparsely  populated 
-districts,  and  particularly  in  places  where  the  population  is  largely 
well-to-do,  it  may  be  found  that  one  bed  for  every  1,500  or  2,000 
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FIG.  81. 

SmaU  Isolation  Hospital.  Designed  to  accommodate  two  patients  of  each  sex. 
A  caretaker's  cottage  is  also  shown. 

inhabitants,  provided  temporary  extension  can  be  made  if  needed, 

will  prove  sufficient. 

The  Memorandum  referred  to  is  accompanied  by  plans  illustrating 
the  sanitary  requirements  of  small  hospitals  for  infectious  diseases. 
The  simplest  form  of  hospital  should  comprise  at  least  (1)  an 
administration  block;  (2)  a  block  for  patients;  and  (3)  a  wash- 
house,  mortuary,  and  disinfection -house  block.  In  lug.  »i  tne 
ward  block  provides  for  the  accommodation  of  only  four  persons, 
two  of  each  sex. 
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A  somewhat  larger  hospital  building,  providing  for  ten  patients, 

and  admitting  of  isolation 
of  two  distinct  diseases,  as 
well  as  of  separation  of  the 
sexes,  is  also  shown.  Pig.  82, 
and  Fig.  83  is  a  plan  of 
a  small  pavilion,  adapted 
to  receive  six  male  and  six 
female  patients,  suffering 
from  one  and  the  same 
form  of  infectious  disease. 

In   Fig.  81  an  earth- 
closet,  E.C.,  is  indicated  as 
the  means  of  excrement 
disposal  (earth-commodes 
are    suggested     for  the 
wards);  water-closets  are, 
of  course,  to  be  preferred 
where  efficient  sewers  are 
available.     In  any  case, 
the   Memorandum  p  r  e  - 
scribes  that  an  interval  of 
40  feet  shall  be  interposed 
between    every  building 
used  for  the  reception  of 
infected  persons  or  things, 
and  the  boundary  of  the 
hospital    site ;  moreover, 
"  this    boundary  should 
have  a  close  fence  of  not 
less  than  6  feet  6  inches 
in  height,  and  the  40  feet 
of    interval    should  not 
afterwards  be  encroached 
upon  by  any  temporary 
building,  or  other  exten- 
sion of  the  hospital.  In 
the  construction  and  ar- 
rangement  of   such  tem- 
porary buildings,  as  may 
at  times  be   wanted  in 
extension  of  the  permanent 


FIO.  82. 
Plan  of  a  Block  for  Ten  Bods. 


nospital,  the  same  principles  should  be  held  in  view." 


308 


MANUAL  OF  HYGIENE. 


While  the  provision  of  a  40  feet  interval  is  deemed  to  afford 
sufficient  security  in  the  case  of  buildings  devoted  to  the  reception  of 
cases  of  infective  fevers  other  than  small-pox,  the  case  is  far  different, 
when  the  disease  last  named  has  to  be  dealt  with.    The  Memorandum 

prescribes  "  with  a  view  of  lessen- 
ing the  risk  of  infection,"  that 
a  local  authority  should  not  con- 
template the  erection  of  a  small- 
pox hospital : — 

"  1 .  On  any  site  where  it  would 
have  %vithin  a  quarter  of  a  mile  as 
centre,  either  a  hospital,  whether 
for  infectious  diseases  or  not,  or  a 
workhouse,  or  any  similar  esta- 
blishment, or  a  population  of  1 50 
to  200  persons. 

"2.  On  any  site  where  it  would 
have  within  half  a  mile  of  it  as 
centre,  a  population  of  500  to  600 
persons,  whether  in  one  or  more 
institutions,  or  indwelling-houses. 
It  must  also  be  understood  that 
even  where  the  above  conditions 
are  strictly  fulfilled,  there  may 
be    circumstances  under  wliich 
the  erection  of  a  small-pox  hospi- 
I  tal  should  not  be  contemplated. 
Cases  in   wliich  there   is  any 
considerable  collection  of  inha- 
bitants, just   beyond  the  half- 
mile  zone,  should   always  call 
for  especial  consideration." 

It  will  be  seen  that  these  con- 
ditions preclude  the  provision  of 
buildings  for  the  isolation  of 
small-pox  on  the  same  site  as  that 
on  which  an  isolation  hospital 
for  other  forms  of  infectious  dis- 
ease is  constructed,  and  this  need 
of  providing  dual  sites  has  led  to  difficulty,  -P^^^l^^y"  t^ie 
case  of  small  districts.  Under  the  Isolation  Hospitals  Act,  189d 
County  Councils  were  empowered,  on  representation  being  made  to 
them,  to  combine  sanitary  districts  into  Hospital  Districts,  and  to 
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contribute  out  of  the  County  Rate  towards  the  expenses  of  an 
isolation  hospital.  In  recent  years  some  progress  has  been 
made,  as  regards  provision,  under  this  Act,  of  isolation  in  small 
urban  and  rural  communities,  though  much  still  remains  to  be 
done  in  this  direction. 

The  Report  of  1882,  already  referred  to,  showed  that  the  average 
cost  per  bed,  excluding  cost  of  site,  incurred  in  connection  with  pro- 
vision of  isolation  hospitals,  in  a  number  of  urban  centres,  was  rather 
more  than  £200,    In  more  recently  constructed  hospitals  the  cost  has 
been  greater  than  this,  and  in  the  hospitals  of  best  design,  erected 
in  recent  years,  £400  to  £500  per  bed,  exclusive  of  the  cost  of 
land,  has  been  a  more  usual  average;  of  course,  much  depends  upon 
the  special  circumstances  in  each  individual  case.  Where  temporary 
buildings  mu.st  be  provided  at  short  notice  to  meet  an  emergency, 
wooden  huts  or  galvanised  iron  structures  have  been  utilised ;  tents 
have  been  erected  in  summertime,  and  portable  hospitals  constructed 
of  what  is  known  as  Doecker's  material  (a  leather-like  waterproof 
material)  have  also  been  employed.    The  temporary  fever  hospital 
at  Tottenham,  which  was  completed  in  1892  for  the  Metropolitan 
Asylums  Managers  in  six  Aveeks,  consisted  of  wooden  structures  upon 
brick  piers,  raised  upon  concrete  platforms,  in  most  cases  extend- 
ing about  six  feet  beyond  the  walls.    These  buildings  were  thus 
described :  "  The  floors  are  in  double  thickness,  with  a  layer  of  felt 
between;  the  walls  are  of  timber  framing,  filled  and  weather-boarded 
outside,  and  match-lined  inside;   and  the  roofs  are  match-lined, 
boarded,  and  covered  with  galvanised  corrugated  iron.    The  whole 
of  the  buildings  are  warmed  by  steam  pipes  or  radiators  worked 
by  the  central  boilers,  Avhich  also  supply  steam  to  the  kitchen 
laundry." 

The  proposal  was  made  by  Dr.  Richardson  in  1881,  that  the  air 
of  an  infectious  hospital  should  be  deprived  of  all  injurious  property 
by  being  passed  through  fire,  and  the  details  of  a  plan  for  applying 
this  principle  to  small-pox  hospitals  were  submitted  to  the  Royal 
Commissioners  appointed  in  that  year.  The  scheme  contemplated 
the  erection  of  Avards  in  the  form  of  a  ring,  "with  the  chamber 
from  which  the  air  is  directly  extracted  in  the  centre  of  the  ring." 
The  ward  was  intended  to  communicate  with  the  outside  only  by 
the  opening  from  the  corridor,  by  which  it  was  approached,  and  to 
have  no  openings  save  those  designed  for  ventilation;  the  beds 
were  to  be  arranged  against  tlie  internal  Avail,  and  each  bed  was 
to  be  placed  "  betAveen  two  of  the  septa  or  screens  Avhicli  passed 
to  a  certain  di.stance  out  from  tlie  internal  walls  into  tlie  annular 
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space ;  so  that  the  head  of  each  bed  would  be  included  in  the 
space  between  each  two  neighbouring  septa."  The  space  within 
the  ring  {i.e.,  the  central  extraction  chamber)  was  to  communicate 
with  the  annular  space  answering  the  purpose  of  a  ward,  by  the 
extraction  openings,  and  also  with  an  extractor,  preferabl)--  a  fan. 
"  The  fan  would  collect  the  air  from  the  ward,  and  at  once  discharge 
it  into  a  chamber  where  it  could  be  subjected  to  a  high  temperature, 
so  as  to  destroy  all  organic  matter  it  might  contain."  This  scheme 
of  dealing  with  the  air  of  small-pox  wards  has  not  hitherto  found 
favour,  and  the  method  as  originally  designed  is  open  to  several 
objections.  The  patients  faced  the  light,  "  which  would  be  extremely 
unpleasant  in  the  acute  stage  of  small-pox,"  there  was  insufficient 
space  about  the  beds,  the  central  shaft  Avas  unnecessarily  large,  and 
it  was  seen  that  difficulties  would  be  experienced  in  connection  with 
ventilating  the  wards. 

Circular  wards  have  been  constructed  in  a  few  modern  hospitals 
not  designed  for  the  reception  of  infectious  cases,  and  this  form  of 
Avard  undoubtedly  presents  some  advantages.    It  is  used  in  the  city 
hospital  at  Antwerp,  and  a  somewhat  similar  "  octagon  ward  "  is  em- 
ployed at  Baltimore  ;  in  both  instances  the  beds  are  arranged  against 
the  outer  walls,  having  the  heads  towards  the  windows.    A  circular 
ward  has  been  constructed  at  the  Great  Northern  Central  Hospital 
in  London.    Professor  Marshall  originally  advocated  this  form  of 
ward,   on  the  ground  that  it  afforded  (a)  freedom  of  frontage  to 
all  points  of  the  compass ;  (b)  great  accessibility  to  light  and  air ; 
(c)  greater  area,  contained  within  a  given  length  of  wall,  in  a  circle 
than  in  a  rectangle ;  (d)  superior  ventilability ;  and  (e)  more  equal 
warming.     The  circular  form  of  ward  also  facilitates  cleansing. 
Objection  has  been  taken  to  it  on  various  grounds,  the  main  difficulty 
being  the  question  of  cost.    If  it  is  assumed  that  each  ward  should 
hold  at  least  28  or  30  patients,  the  circular  form  is  undoubtedly 
costly;  at  the  Great  Northern  Hospital  the  ward  accommodates 
20  beds  only.    The  idea  of  depriving  the  air  of  small-pox  hospitals  of 
infectious  property  has  much  to  recommend  it,  and  if  the  circular 
ward  continues  to  find  favour,  it  may  be  that  the  plan  of  exhaust- 
ing and  consuming  air  from  small-pox  wards  maybe  again  considered 
in  connection  with  its  use.  .  . 

Finally,  it  remains  to  note  as  regards  infectious  hospitals  that  it  is 
especially  important  that  all  dressings,  poultices,  etc.,  should  be  so 
dealt  with  as  to  avoid  spread  of  infection,  and  that  infected  clothing 
should  be  adequately  disinfected.  Proper  disinfecting  apparatus 
should  therefore  be  available,  and  a  destructor  furnace  for  burmng 
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refuse  material  is  a  desideratum.  Careful  supervision  requires  to 
be  exercised  over  visiting  arrangements.  Visits  should  only  be 
permitted  to  patients  who  are  dangerously  ill,  and  then  only  in 
the  case  of  near  relatives  and  intimate  friends,  and  due  precautions 
are  necessary  in  connection  with  the  discharge  of  patients.  Care 
should  be  exercised,  moreover,  with  regard  to  tradesmen's  visits, 
and  indeed  all  necessary  intercourse  with  the  outside  world. 


CHAPTER  VIII. 


PARASITES— INFECTION— IMMUNITY. 

"Of  recent  years,"  as  Hirscli  has  observed,  "few  departments  of 
medicine  have  grown  so  much  as  that  of  parasitology."  Very  early 
records,  however,  yield  suggestions  of  the  existence  of  parasitism. 
Thus  it  has  been  surmised  that  the  "  fiery  serpents  "  which  afflicted 
■the  Israelites  in  the  desert  were  "Guinea-worms"  {Dracunculiis 
medinensis),  and  it  is  at  any  rate  probable  that  the  Hstory  of  "  dracon-. 
tiasis,  '  as  the  dracunculus  disease  is  called,  dates  back  to  Plutarch. 
The  plagues  of  Egypt  afford  ground  for  much  speculation ;  the  murrain 
of  beasts  and  the  plague  of  boils  and  blains  may  perhaps  have  been 
manifestations  of  anthrax.  Again  the  "  very  great  destruction"  which 
smote  the  Philistines  who  carried  the  ark  (See  p.  402)  has  been 
regarded  as  having  been  bubonic  plague.  The  di\-ision  of 
animals  into  clean  and  unclean  under  the  Mosaic  code  may  have 
been,  to  some  extent,  based  on  the  presence  or  absence  of  parasites. 
Some  of  the  tape-worms  have  been  long  known,  and  the  parasitic 
nature  of  itch  was  recognised  by  the  Arabian  physicians. 

Steady  progress  was  not,  however,  made  until  the  eighteenth 
century,  when  the  foundations  of  the  science  of  helminthology  were 
first  laid  down  by  LinnfBus  and  his  followers.  During  the  last  half- 
century  advance  in  knowledge  concerning  the  relation  of  parasites  to 
infective  processes  has  been  remarkably  rapid,  and  the  establishment 
of  the  "  germ  theory "  of  disease  has  specially  focussed  attention 
upon  certain  minute  forms  of  life,  and  particularly  upon  the  bacteria. 
Before  alluding  further  to  these  lowly  organisms,  it  will  be  well  to 
briefly  refer  to  the  more  highly  organised  parasites. 

Higher  Parasitic  Forms.— In  addition  to  micro-organisms 

(Protozoa,  Bacteria,  etc.,  see  p.  320)  associated  with  disease,  there 
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are  upwards  of  fifty  more  highly  organised  animals  belonging  to 
the  Insecta,  Arachnida,  Suctoria,  Nematoda,  Cestoda,  and  Trematoda, 
which  occur  parasitically  in  man.  Leuckart  says  of  them :  "  The 
outer  skin  of  the  body  and  the  alimentary  canal  seem,  on  the  whole, 
to  contain  the  greatest  number,  and  this  because  they  are  more  easy 
of  access;  in  man  more  than  three-fourths  of  the  total  number  of 
parasites  are  found  in  these  two  localities." 

.  Among  parasitic  Insecta,  fleas,  bugs,  and  lice  are  well  known  in 
this  country,  and  the  jigger  or  chigoe  (Ptclex  ^^enetrans)  is  ex- 
cessively troublesome  in  certain  parts  of  the  tropics.  Myiasis 
(/jLvia,  a  fly),  the  condition  in  which  dipterous  larvae  are  met  Avith 
as  accidental  parasites,  needs  to  be  mentioned ;  the  larvai  may  be 
lodged  in  the  human  skin  and  grow  there.  The  larvse  of  the  bot  fly 
(QHsPi'its  hominis)  and  of  species  of  lucilia,  dermatobia,  etc.  (some  of 
the  anthropophagous  larvse  await  identification),  are  not  infrequently 
encountered  in  the  tropics — thus,  Lucilia  macellaria,  the  "  screw- 
worm,"  occurs  in  parts  of  America  ;  Dermatobia  noxialis,  the  "  ver 
Macaque,"  in  Central  America ;  and  Ochromyia  anthropophaga,  the 
"  ver  du  Cayor,"  in  the  Cayor  district  of  Senegambia.  The  larvje  of 
certain  dipterous  insects,  more  particularly  in  tropical  countries,  may 
be  hatched  in  the  alimentary  canal,  notably  that  of  Musca  vomitoria, 
the  bluebottle  fly.  The  larvse  of  beetles,  e  g.,  Blaps  mortisaga  and 
Tenehrio  molitor,  and  occasionally  also  those  of  some  species  of  moth 
have  been  found  in  human  excreta.  The  role  played  by  mosquitoes 
and  the  tsetse  fly  in  spreading  disease  has  only  quite  recently  been 
demonstrated. 

Among  the  Arachnida,  the  mites  {Acaridis),  ticks,  and  penta- 
stomes  are  parasitic.  Acarus  scabiei  is  well  known;  a  few  ticks 
infest  man  in  the  tropics ;  Pejitastomum  denticulatiom,  said  to  be  an 
immature  form  of  Linguatula  cap'ina,  has  been  found  in  the  liver 
and  lungs  of  Europeans ;  and  an  allied  larval  form,  Peniastomum 
conslrictum ,  has  not  infrequently  come  under  notice  in  Africa. 
Among  the  Suctoria  the  leeches  of  tropical  jungle  lands  require 
mention. 

The  Nemathelminthes  include  the  Nematoda  and  the  Acan- 
thocephali,  distinguished  from  the  Nematoda  by  the  absence  of  an 
alimentary  canal.  To  the  Acanthocephali  belongs  Echinorhynclms 
gigas,  a  common  parasite  in  the  pig,  and  this  or  allied  forms  have 
in  rare  instances  been  observed  in  man.  The  Nematoda  (vrjfia,  a 
thread)  include  tlie  common  thread-worm  {Oxyuris  vermictdaris)  ;  the 
common  round-worm  (Ascaris  htmbricoides)  ;  the  Avhip-worm  {Tricho- 
cephalus  dispar) ;  Trichina  spiralis  (See  p.  182) ;  the  Guinea- worm 
(Dracuncidiis  medinensis) ;  Anchylostoma  duodenale  {Dochmius  duo- 
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denalis)  the  cause  of  thp  disease,  of  which  anaemia  is  a  marked  symp- 
tom, known  as  anchylostomiasis ;  lihahdonema  iniestinale  (AmjuUlula 
stercoralis),  described  as  occurring  in  Cochin  China  diarrhoea ;  and  the 
various  forms  of  Filaria,  of  which  Manson  mentions  six,  found  in 
human  blood.    Among  the  embryo  nematodes  last  named,  Filaria 
nocturna  must  be  specially  referred  to.    It  was  styled  by  Lewis,  in 
1872,  Filaria  sanguinis  hominis,  but  now  that  other  blood  filaria  have 
been  discovered,  and  as  this  particular  filaria  is  mainly  found  in  the. 
peripheral  circulation  at  night  time  (filarial  periodicity),  the  term 
Filaria  nocturna  has  been  applied  to  it.    Filaria  oiocturna  is  the 
embryonic  form  of  Filaria  Bancrofti,  which  lives  in  the  lymphatic 
system.     In  1879  and  1883,  Manson  argued  that  the  filaria  was 
introduced  into  its  human  intermediate*  host  by  mosquito  bite.  The 
importance  of   the  bearing  of  this  discovery  upon  more  recent 
inquiries  concerning  malaria  will  be  obvious,  but,  apart  from  this, 
"  filariasis "  itself  is  a  disease  of  no  little  consequence.  Manson 
enumerates  the  following  conditions   as  possible  results   of  the 
presence  in  man  of  Filaria  oiocturna  : — "  Abscess ;  lymphangitis ; 
varicose  groin  glands ;  varicose  axillary  glands ;  lymph  scrotum ; 
cutaneous  and  deep  lymphatic  varix ;  orchitis ;  chyluria ;  elephan- 
tiasis of  the  leg,  scrotum,  vulva,  arm,  mamma,  and  elsewhere; 
chylous  dropsy  of  the  tunica  vaginalis;  chylous  ascites;  chylous 
diarrhoea;  and  probably  other  forms  of  disease  depending  on  ob- 
struction or  varicosity  of  the  lymphatics,  or  on  death  of  the  parent 
filaria."    Again,  he  says:   "The  subjects  of  filariasis  should  be 
regarded  as  dangers  to  themselves  and  to  the  community,  and  be 
compelled  to  sleep  under  mosquito  nets."    He  has,  moreover,  sug- 
gested that  Filaria  perstans,  another  embryonic  form,  may  be 
concerned  in  the  production  of  African  lethargy,  the  "sleeping 
sickness  of  the  Congo,"  and  possibly  in  causing  one  of  the  forms 
of  African  "  craw-craw."    Filaria  loa  is  a  mature  sexual  form  whose 
habitat  is  the  connective  tissue ;  it  is  met  with  on  the  West  Coast  of 
Africa.    This  brief  reference  to  the  Nematoda  may  be  concluded  by 
noting  that  Mai-ison  enumerates  in  all  twenty-five  species  of  human 
parasites  belonging  to  this  class. 

The  Platyhelminthes  (TrXarus,  flat),  the  remaining  class  of  parasitic 
worms,  include  the  Cestoda  (/ceo-ros,  a  girdle)  or  tape-worms,  of 
which  Manson  refers  to  twelve  species  as  occurring  in  man,  and 
the  TbeMatoda  (rp^/Aa,  a  pore)  or  flukes,  with  ten  species  described 
as  being  occasionally  parasitic  in  man.     Many  of   the  species, 


*  The  dejinitive host  is  that  which  harbours  the  sexually  mature  parasite; 
the  intermediate  host  harbours  the  immature  form. 
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both  of  Nemathelminthes  and  Platyhelminthes,  occur  only  in  the 
tropics,  and  truly,  as  Manson  says,  "  He  who  would  properly  qualify 
himself  for  medical  work  in  warm  countries  must  acquire  something 
more  than  a  smattering  of  helminthology."  Indeed,  the  Entozoa,  or 
internal  parasites  (the  term  Epizoa  is  applied  to  external  parasites), 
are,  in  the  main,  worms.  A  curious  point  concerning  them  is,  as 
Leuckart  says,  that  the  embryos  do  not  resemble  their  parents ; 
"  even  in  the  nematodes  which  are  commonly  said  to  go  through  no 
metamorphosis,  the  resemblance  of  the,  young  to  the  adult  is  more 
apparent  than  real.  In  the  majority  of  cases  (in  the  cestodes,  disto- 
midfe,  echinorhynchus,  and  pentastomum)  the  differences  are  so  great 
that  there  is  hardly  any  point  of  similarity  between  the  young  and 
the  fully  formed  worm."  He  adds,  that  "sexual  maturity  and 
generation  take  place  in  most  parasites  during  the  time  of  their 
parasitic  life." 

At  one  time  it  was  supposed  that  bladder- worms  were  pathological 
forms,  the  germ  of  the  tape-worm  having  "  lost  its  way,"  i.e.,  arrived 
at  some  place  unsuited  for  its  requirements.  The  resemblance  existing, 
for  example,  between  the  head  of  the  bladder- worm  of  the  mouse  and 
the  tape- worm  (T.  crassicollis)  of  the  cat  was,  however,  at  length  noted, 
and,  in  1852,  Kuchenmeister,  by  the  method  of  feeding,  demonstrated 
that  bladder- worms  were  really  an  immature  stage  of  tape-worms,  and 
his  researches  paved  the  way  for  the  study  of  alternation  of  genera- 
tions in  one  and  another  species  of  animal.  "  The  host  of  the  young 
parasite,"  says  Leuckart,  "  is  frequently  an  animal  which  serves  as  food 
for  the  definitive  host :  thus  the  mouse  yields  to  the  cat  not  only  its 
flesh  but  its  parasites,  and  the  like  happens  with  the  rabbit  and  dog, 
the  fish  and  the  seagull."  He  continues:  "If  one  animal  select  as 
its  food  a  certain  other  animal,  it  evidently  follows  that  the  latter  is 
best  suited  to  its  nutritiA^e  requirements,  hence  the  conditions  of 
nutrition  in  both  must  be  somewhat  similar,  and  a  parasite  capable 
of  living  in  one  would  probably  also  find  the  other,  in  a  great 
measure,  favourable  to  the  conditions  of  its  life.  This  idea,  how- 
ever, must  not  be  pushed  too  far,  since  we  find,  for  example,  the 
young  of  Txnia  crassicollis  in  many  animals  which  are  not  preyed 
upon  by  cats ;  so  also  the  human  tape -worm  is  occasionally  found  in 
the  asexual  state  in  man  himself — a  fact  which,  on  the  principles  just 
enunciated,  would  seem  to  justify  cannibalism  from  the  standpoint  of 
natural  history." 

Examples  of  cestode  worms  have  already  been  given  (pp.  180-182). 
Among  the  Trematoda  the  common  fluke,  Distonmm  hepaticum 
{F asciola  hepatica),  which  produces  liver-rot  in  sheep,  and  passes  its 
intermediate  "  redia  "  and  "  cercaria  "  stages,  as  they  are  called,  in  a 
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small  mollusc  {Limnsea  truncatidata),  has  also  been  already  referred 
to.  A  smaller  distome,  Distomum  lanceolatiim  (whose  intermediate 
host  is  also  believed  to  be  a  small  mollusc),  Distomum  conjwiictum 
(East  Indies),  Distomimi  Sinense  (China),  Distomum  crassum  (China 
and  India),  Distomum  heterophyes  (Cairo),  and  Distomum  Eiwjeri 
(Japan),  have,  like  the  common  fluke,  been  in  rare  instances  found  in 
man.  Of  special  pathological  significance  is  Bilhm'zia  hsematohia, 
which  differs  from  the  other  trematodes  named  in  having  the  male  and 
female  reproductive  organs  in  separate  individuals,  and  which  causes 
the  endemic  hsematuria  of  Egypt,  South  Africa,  and  elsewhere. 

Protozoa. — The  Protozoa  stand  but  little  higher  in  the  scale  of 
life  than  the  bacteria,  moulds,  yeasts,  etc.,  to  be  presently  referred 
to  ;  indeed,  the  term  micro-organism  is  sometimes  applied  in  such  a 
way  as  to  include  all  these  lowly  microscopic  forms.  It  is  only  of  late 
years  that  attention  has  been  directed  to  the  Protozoa  as  possible  excit- 
ants of  disease.  They  are  unicellular  organisms,  and  various  classes 
have  been  distinguished,  mainly  by  the  mode  in  which  movement 
is  effected  and  by  the  manner  of  reproduction.  In  one  class,  the 
Rhizopoda  (pt^a,  a  root ;  irovs,  a  foot),  movement  is  brought  about 
by  the  protrusion  of  pseudopodia,  and  reproduction  takes  place,  as  a 
rule,  by  simple  division.  This  class  includes  the  Radiolaria  and  Fora- 
minifera,  so  well  known  as  fossils,  but  most  of  the  Rhizopoda  have 
no  hard  parts.  Many  of  them  are  parasitic  in  both  animals  and 
plants.  Amoeba  coli,  which  has  been  found  in  the  human  intestine, 
and  in  water  and  soil,  may  be  particularly  referred  to,  as  this 
organism,  or  possibly  a  distinct  though  closely  allied  foi'm  (Amoeba 
dysenterise),  has  been  supposed  to  play  a  part  in  causing  dysentery. 

Another  class  includes  the  Flagellate  Protozoa,  such  as  Cerco- 
monas  (KipKo?,  a  tail),  and  Trichomonas  {Oplt,  a  hair),  forms  not  infre- 
quently detected  in  the  human  intestine  and  in  the  blood  of  some  of 
the  lower  animals.  Closely  allied  to  these  organisms  are  the  Trypano- 
somata  (rpvTravov,  a  borer  ;  o-Syaa.  the  body).  Trypanosoiim  Lewisi  was 
detected  by  Lewis,  in  1879,  in  rat's  blood;  Trypanosoma  Bnicei  (See 
p.  326)  was  described  by  Bruce  in  1894  and  1897  ;  Try^xmosoma 
Evansi  is  the  cause  of  the  "  surra  disease  "  (See  p.  327),  met  with  in 
horses  in  India  and  the  East  Indies.  The  trypanosoma  of  "  dourine  " 
was  described  by  Rouget  in  1896,  as  occurring  in  the  blood  of  mares 
and  stallions.  Anotlier  flagellate  form,  Lamblia  hitestinalis,  has 
been  found  in  the  intestine  of  man  and  of  some  other  animals. 

A  third  class,  the  Sporozoa,  includes  organisms  which  at  one 
stage  of  their  life-cycle  form  encapsuled  "  spores."  All  the  known 
forms  are  parasitic.      A  well-known   example  is  the  Coccidium 
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cunicvli  (Coccidhim  oviforme),  which  produces  coccidiosis  or  psoro- 
spermosis (ij/tDpo?,  scabby  ;  a-rrepfjia,  a  seed)  in  rabbits  and  other  animals. 
This,  like  the  malaria  organisms,  has  two  modes  of  multiplication — 
a  sexual  multiplication  by  spore  formation,  and  an  asexual  mode  by 
fission.  Fertilised  oocysts  may  be  found  in  the  faeces  of  infected 
rabbits ;  within  each  of  these  four  sporoblasts  are,  as  a  rule, 
developed,  and  from  each  sporoblast  two  crescentic  sporozoites  are 
formed.  The  sporozoites  are  found  in  epithelial  cells,  particularly 
those  of  the  bile-ducts ;  they  enlarge,  and  by  multiple  di-\dsion  give 
origin  to  merozoites,  from  wliich  the  sexual  forms  develop ;  fertilisa- 
tion being  effected,  the  cycle  is  completed,  the  oocyst  being  again 
produced.  This  alternation  of  genei-ations  presents  a  close  parallel 
to  the  cycle  observed  in  the  Hsemosporidia,  the  group  which  includes 
the  human  malaria  parasites  and  similar  forms  which  occur  in 
batrachians,  reptiles,  birds,  dogs,  monkeys,  and  bats.  Pyrosoma  bi- 
geminum,  the  cause  of  Texas  fever  in  cattle,  which  is  transmitted  by  a 
tick  (Boophilus  bovis),  is  a  closely  allied  organism.  Less  nearly  related 
to  the  foregoing  is  the  Sarcocystis  Miescheri,  which  produces  the  fine 
white  streaks,  occasionally  found  between  muscle  fibres  in  mice  and  in 
SAvine,  and  made  up  of  capsulated  masses  containing  crescentic  spores ; 
it  is  important  that  these  streaks,  when  they  occur  in  pork,  should  be 
distinguished  from  the  lesions  of  Trichinosis.  It  has  been  surmised 
that  minute  sporozoa  play  an  all-important  part  in  some  other 
diseases ;  parasitic  forms  supposed  to  belong  to  this  class  have  been 
described  as  occurring  in  syphilis,  variola,  molluscum  contagiosum, 
and  malignant  growths,  but  the  subject  needs  further  investigation. 
The  pebrine  disease  of  silkworms  is  caused  by  an  organism  belonging 
to  the  sporozoa.  In  the  class  Ciliata  there  are  species  which  have 
been  detected  in  the  human  intestine.  One  of  the  best  known  of 
these  is  Balantidium  coli. 

The  Germ  Theory.— Coincidently  with  the  later  growth  of 
knowledge  concerning  higher  parasites,  increasing  importance  was 
gradually  attached  to  those  microscopic  forms  to  which  Pasteur 
applied  the  term  microbes.  The  germ-theory  of  disease  began  to 
assume  special  prominence  between  1860  and  1870.  The  analogy 
between  disease  and  fermentation  processes  had  been  hinted  at  long 
ere  this.  Kircher,  in  his  "  Contagium  Animatum,"  published  in  1671, 
had  commented  on  the  possibility  of  diseases  being  caused  by  ani- 
malcule'. Leeuwenhoek's  researches  stimulated  ii\quiry  into  the 
nature  of  micro-organisms.  Linnaeus  recognised  tlie  importance  of 
the  matter,  and  the  doctrine  that  diseases  might  be  caused  by  the 
multiplication  of  specific  infective  agents  within  the  body  was 
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accepted  by  his  followers,  who  also  recognised  the  importance  of  the 
incubation  period  in  this  connection.  The  researches  of  Schwann 
and  others  definitely  established  the  fact  that  the  breaking  up  of 
organic  matter  in  fermentation  and  putrefaction  is  not  spontaneous, 
but  is  caused  by  micro-organisms  introduced  from  without.  In  1835, 
Bassi  described  the  fungus  of  the  muscardine  disease  of  silkworms, 
and  soon  afterwards  the  parasitic  diseases  of  grain,  etc.,  were  studied 
by  Tulasne  and  De  Bary. 

Pasteur,  in  1857,  showed  that  lactic-acid  fermentation  is  due 
to  the  growth  of  particular  germs,  and  he  later  arrived  at  a 
like  conclusion  concerning  the  ammoniacal  fermentation  of  urea. 
His  work  with  regard  to  silkworm  diseases  paved  the  way  for 
further  developments.  In  1863,  Davaine  maintained  that  the 
threads  which  he  had  already  seen  in  anthrax  blood,  some  years 
previously,  were  the  cause  of  splenic  fever ;  moreover,  acquaintance 
>vith  the  life-history  of  this  organism  was  greatly  extended  by  Koch. 
Pasteur  developed  the  method  of  protective  inoculation  in  connection 
more  particularly  with  fowl-cholera  and  anthrax,  and  devised  a 
system  of  treatment  for  persons  bitten  by  rabid  animals.  Lister 
advocated  the  antiseptic  treatment  of  wounds.  Koch  studied  septic 
processes  in  wounds,  improved  the  method  of  separating  organisms 
by  plate  cultivation,  investigated  cholera,  and  discovered,  in  1882,  the 
tubercle  bacillus. 

The  question  of  spontaneous  generation  had  again  and  again  been 
raised  and  disposed  of  with  regard  to  higher  parasites  :  it  came  to  the 
forefront  in  connection  with  the  germ  theory,  after  having  been 
"  chased  successively,"  as  Lister  expressed  it,  "  to  lower  and  lower 
stations  in  the  world  of  organised  beings."  The  development  of  the 
evolution  theory  did  much  to  clear  the  air  with  regard  to  the  "  de 
novo  "  origin  of  disease,  and  the  experiments  of  Pasteur  and  others 
gradually  rendered  it  possible  to  eliminate  various  sources  of  error. 
It  had  already  been  noted  by  Appert,  in  1812,  that  infusions  could 
be  preserved  in  closely  stoppered  bottles  after  exposure  to  the 
temperature  of  boiling  water,  and  Spallanzani  carefully  investigated 
this  question  of  sterilisation  by  heat.  In  1854  it  had  been  found 
that  filtration  through  cotton-wool  deprived  air  of  its  organisms. 
Pasteur  showed  that  by  drawing  out  the  neck  of  his  flasks  into 
tubes,  to  which  a  bent  form  was  given,  access  of  germs  to  infusions 
sterilised  by  heat  could  be  arrested.  Tyndall  introduced  sterilised 
infusions  into  a  glass  chamber,  freed  from  suspended  germs  by  settle- 
ment (the  absence  of  particles  being  demonstrated  by  passage  of  a 
ray  of  light)  and  he  found  that  no  growtli  occurred  in  the  infusions 
under  such  circumstances.    In  Pasteur's  early  work  on  yeasts  com- 
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paratively  pure  cultures  were  obtained  by  the  use  of  media  which 
specially  favoured  development  of  particular  organisms.  Klebs,  in 
1873,  introduced  a  fractional  method  of  cultivation;  improved  dilu- 
tion methods  were  soon  advocated,  and  at  length  the  plan  of  fixing 
growing  colonies  in  gelatine  was  brought  to  perfection  by  Koch. 
Application  of  these  newly-devised  methods  showed  how  many 
sources  of  fallacy  had  been  ignoi-ed  in  earlier  experiments. 

There  was  still,  however,  left  the  consideration,  tliat  if  living 
matter  had  ever  been  derived  from  matter  not  living,  the  like  trans- 
formation might  possibly  still  from  time  to  time  occur.  Again  it 
was  urged  that  processes  of  evolution,  which  require  ages  for  their 
development  in  higher  forms  of  life,  may  be  accomplished  in  com- 
paratively short  periods  of  time  in  the  case  of  the  lowliest  germs. 
On  the  other  hand,  improved  methods  of  research  have  shown  how 
complex  the  organisation  of  a  microbe  is,  and  have  made  it 
possible  to  detect  important  differences,  in  appearance  and  behaviour 
on  cultivation,  and  as  regards  formation  of  characteristic  products  in 
the  test  tube  or  in  the  animal  body.  That  a  pathogenic  organism 
should  be  developed  from  non-living  matter  is  as  unthinkable,  now- 
adays, as  would  have  been  a  similar  conception,  fifty  years  ago,  with 
regard  to  forms  of  life  far  higher  in  the  scale. 

The  growth  of  micro-organisms  in  pure  cultivation  on  artificial 
media  has  removed  much  misconception  with  regard  to  "mutability 
of  species,"  and  has  also  enabled  precise  study  to  be  made,  of 
"  involiftion  forms,"  of  modifications  in  the  ability  of  organisms  to 
produce  particular  chemical  changes,  and  of  attenuation  and  loss  of 
virulence.  Little  is  known,  however,  of  the  behaviour  of  organisms 
when  growing  saprophytically  and  under  natural,  as  opposed  to 
artificially  imposed,  conditions.  It  may  be  that  some  germs  are 
able  to  develop,  outside  the  body,  into  organisms  not  at  present 
recognised  as  having  any  connection  Avith  disease.  Just  as  anthrax 
spores  are  capable  of  rendering  hides  and  skins  infective,  after  long 
exposure  and  transportation  from  one  end  of  the  world  to  tlie  other, 
so  other  pathogenic  forms  may  possess  ability  to  assume  resistant 
phases  of  existence,  and  thus  to  bring  about  disease  in  man,  under 
circumstances  in  which  the  original  source  of  mischief  (the  previous 
-case  of  disease)  may  have  become  altogether  untraceable.  From 
this  point  of  view  many  of  the  instances  cited,  to  demonstrate  the 
supposed  de  novo  origin  of  disease,  lose  much  in  significance.  ' 

Before  describing  micro  organisms  and  their  products  in  furtlier 
detail  it  will  be  well  to  refer  to  the  distinction  drawn  between 
infections  and  intoxications.  Certain  alkaloids  and  some  proteid 
and  other  substances  act  as  poisons  when  introduced  into  the  body, 
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but  do  not  reproduce  themselves.  Again,  their  ill- effects  are  mani- 
fested forthwith,  and  not  after  an  interval  of  time.  The  distinc- 
tion has  already  been  referred  to  in  connection  with  food  poisoning. 
It  should  be  noted,  however,  that  the  organism,  causing  a  disease, 
may  itself  produce  poisons  capable  of  setting  up  intoxication,  and, 
in  some  diseases — tetanus  and  diphtheria,  for  example — the  multi- 
plication of  the  organism  may  be,  in  the  main,  local,  while  its  poison 
is  distributed  throughout  the  body,  and  is  immediately  responsible 
for  the  development  of  symptoms. 

Mio'o-organisms  and  Infectious  Disease. — Under  the  term  infec- 
tious disease  it  is  usual  nowadays  to  include  any  malady  caused  by 
the  groAvth  and  multiplication  within  the  body  of  organisms  intro- 
duced from  without.  The  organisms  causing  infectious  disease  belong 
for  the  most  part  to  the  group  known  as  the  bacteria,  fission-fungi, 
or  schizomycetes  (crxi^w,  to  cleave;  /au'kt;?,  a  fungus),  the  minute 
unicellular  organisms  which  multiply  by  fission,  which  have  not 
been  shown  to  possess  any  nucleus,  and  which  are  described,  accord- 
ing to  the  particular  form  they  assume,  as  micrococci  (diplococci, 
staphylococci,  streptococci,  etc.),  bacilli,  and  spirilla. 

In  addition  to  the  bacteria,  however,  mention  must  be  made  of 
other  groups.  There  are,  for  instance,  the  vioulds,  hyphomycetes 
({ic^aivw,  to  weave),  characterised  by  possessing  a  mycelium  or  net- 
work of  filaments  from  which  extend  hyphse  carrying  spores  or 
fruit-bearing  organs  (conidia,  sporangia).  They  are  associated  vdth. 
certain  varieties  of  skin  disease  :  thus  Trichophyton  tonsurans  is  the 
cause  of  ringworm,  Microsporon  furfitr  of  pityriasis  versicolor,  and 
Achorion  Schdnleinii  of  favus.  Species  of  aspergillus  liave  been 
found  occurring  saprophytically  in  man,  in  the  external  auditory 
meatus,  in  the  lungs,  etc.,  and  inoculation  of  aspergillus  spores  has 
been  followed  by  their  development  in  the  viscera  of  animals. 
Saprolegnia  is  met  with  as  a  parasite  in  fish  (salmon  disease),  and 
Botrytis  bassiana  is  the  cause  of  "muscardine"  in  silkworms. 

Again,  there  are  the  yeasts,  budding  fungi,  or  blastomycetes 
(vSXao-Tos,  a  sprout),  consisting  of  round  or  oval  cells  which  multiply 
as  a  rule  by  budding,  and  are  generally  devoid  of  mycelium.  They 
include  saccharomyces,  torula,  and  mycoderma ;  also  Oidiiim  lactis, 
the  organism  of  thrush ;  and  the  group  has  been  further  suspected 
to  contain  important  pathogenic  forms.  Sanfelice  has  isolated 
species  of  Saccharomyces  ^\']nch  produce  disease  in  some  of  the 
lower  animals.  Moreover,  it  has  been  maintained  by  Sanfelice 
and  by  Pliramer  that  the  "cancer-bodies,"  which  they  have  de- 
scribed as  occurring  within  cells  in  cancer,  really  represent  Blasto- 
mycetes. 
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The  streptothrices  (oTpen-Tos,  twisted ;  6pi^,  a  hair)  constitute  a 
connecting  Hnk  between  bacteria  and  moulds ;  they  present  inter- 
twined threads  often  branched  and  unsegmented,  and  sometimes 
terminal  spore-like  bodies.  Streptoihrix  bovis,  the  organism  of  acti- 
nomycosis, and  the  Streptothrix  madione  of  Madura  foot  belong  to 
this  group,  and  inasmuch  as  branching  forms  are  occasionally  met 
with  in  the  bacilli  of  tubercle,  leprosy,  diphtheria,  and  glanders,  it 
has  been  held  that  these  organisms  should  be  strictly  regarded  as 
streptothrices.  According  to  Moeller  (Tuberculosis  Congress,  1901), 
all  acid-fast  bacilli  belong  to  the  streptothricise.  Koch  has  insisted 
(see  p.  207)  on  the  differing  pathogenic  effects  of  tubercle  bacilli  of 
human  and  of  bovine  origin  in  the  higher  mammals  (cattle,  pigs,  and 
sheep).  The  bacillus  of  avian  tuberculosis  shows  marked  divergence 
from  that  of  human  tuberculosis  on  culture,  and  when  tested  by 
inoculation.  Bacilli  of  human  origin  have  been  modified  by  passage 
through  frogs  and  other  cold-blooded  animals  (e.g.  the  slow- worm). 
The  Timothy  bacillus,  obtained  from  Timothy  grass,  and  the  Grass 
bacillus,  organisms  isolated  by  Moeller,  are  acid-fast  and  produce 
lesions  indistinguishable  from  those  of  tuberculosis  in  guinea-pigs. 
The  "  Mist  bacillus,"  which  has  been  isolated  from  the  dung  of 
animals,  and  the  Petri-Rabinowitsch  butter  bacillus  are  closely 
related  forms.  Aronson  and  Bulloch  have  shown  that  both  tubercle 
bacilli  and  Timothy  bacilli  contain  wax,  to  which  their  acid-fastness 
appears  to  be  due ;  after  extraction  of  the  wax  with  boiling  benzine 
or  chloroform,  they  lose  their  power  of  retaining  the  stain  while 
the  wax  itself  is  acid-fast.  Leprosy  bacilli  closely  resemble  tubercle 
bacilli  in  appearance  and  staining  reaction.  The  smegma-bacillus 
can  be  distinguished  by  its  being  decolorised  by  alcohol  after 
treatment  with  acid. 

A  distinction  is  sometimes  drawn  between  infection  and  contagion, 
and  again  between  contagious  and  miasmatic  diseases.  For  con- 
tagion, actual  contact  has  been  held  to  be  essential,  and  here 
question  may  arise  as  to  the  need  for  the  existence  of  some  breach 
of  surface.  If  this  condition  be  found  necessary,  the  disease  is 
said  to  be  an  inoculable  disease.  The  terra  contagious  disease  is, 
however,  sometimes  applied  to  any  form  of  malady  which  can  be 
transmitted  from  animal  to  animal,  as  distinguished  from  miasmatic 
disease  which  is  acquired  otherwise  tlian  by  such  transmission. 

Incubation  Period. — All  infectious  diseases  being  dependent  on 
growth  of  an  invading  organism  have  an  incubation  period.  Tlie 
incubation  periods  of  tlie  principal  infectious  diseases  are  given  in 
the  table  on  p.  322,  together  with  certain  other  particulars.  Tlie 
quarantine  period  is,  as  a  rule,  taken  as  including  two  or  three 
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days  more  than  the  maximum  incubation  period.  In  the  lant  column 
the  degree  of  protection  an  attack  of  the  disease  aflfords  is  indicated. 


Disease. 


Incubation 
period. 


Chioken- 
pox 


10—19  days 


Cholera  1—5  days 
Diphtheria  1—8  days 


Enteric 

fever 


Erysipelas 

Influenza 
Measles 

Mumps 


1—5  days 


1—4  days  ... 
7—18  days 

14—25  days 


Eotheln      11—18  days 


Scarlet 
fever 


SmaU-pos 


Typhus 
fever 

Whooping- 
cough 


1—5  days 


12  days 
(10-14J 


12  days 
(5-14) 

5—14  days 


Day  of  disease 
on  which  rash, 
it  any,  first 
appears. 


Duration  of 
infectivity. 


First  day  or  oc- 
casionally the 
second 


About  14  days  4- 
i  (5-21) 


-7  days 


Cutaneous  in- 
flammation us- 
ually within  24 
hours 


Fourth  day 
(1-6) 


Until  all  scabs 
have  separ- 
ated 

Three  weeks  ... 

As  long  as  the 
bacilli  persist, 
and  at  least  3 
weeks  after 
disappearance 
of  exudation 


One  week., 


Quaran- 
tine 
period. 


21  days 


I 


7  days 

8  days 


Tendency  to 
relapses 

and  second 
attacks. 


Relapses  and 
second  at- 
tacks very 
rare 

Relapses  and 
second  at- 
tacks not 
uncommon 


  Relapses  com- 

I  moD,  second 
I   attacks  rare 


Twenty -  one 
days  from  date 
of  rash 

Three  weeks  ... 


5  days 

21  days 
26  days 


First  day   Three  weeks  ...    21  days 


Within  24  hours 


Third  day.occa- 
sionally  later 
or  earlier 

Fifth  day  (4-8) 


Six  weeks  and 
as  long  as  des- 
quamation or 
discharge  from 
mucous  sur- 
faces persists 

Until  all  scabs 
have     separ-  i 
ated 

Four  weeks  from  ' 
eommence- 
ment  of  illness 

Until  the 
"whoop"  quite 
disappears, 
and  at  least 
8  weeks  after 
commence- 
mentof  illness 


7  days 

15  days 

15  days 
15  days 


Second  at- 
tacks com- 
mon 

Second  at- 
I  tacks  com- 
i  men 

Relapses  rare 
second  at- 
tacks not 
common 

Relapses  and 
second  at- 
tacks un- 
common 

Relapses  very 
rare,  if  they 
ever  occur. 
Second  at- 
tacks very 
rare 

Relapses  not 
common. 
Second  at- 
tacks occa- 
sionally met 
with 

Relapses  un- 
I  known.  Se- 
cond attacks 
rare 

Relapses  very 
rare.  Second 
attacks  rare 

Relapses  and 
I  second  at- 
I   tacks  rare 


Conditions  which  influence  Bacterial  Growth.— The  influences 
exerted  by  acidity  and  alkalinity  of  culture  media,  by  temperature, 
by  the  presence  or  absence  of  free  oxygen,  by  light,  by  atmospheric 
pressure,  and  by  other  variations  in  the  conditions  under  whicli 
growth  occurs,  have  been  made  the  subject  of  careful  .study  in 
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recent  years.  Bacteria  Avere  distinguished  by  Pasteur  as  being 
aerobic  and  anaerobic,  and  they  are  often  spoken  of  as  belonging  to 
one  of  the  four  following  groups : — Obligatory  aerobes  (e.g.  hay 
bacilli)  can  only  grow  in  presence  of  oxygen.  Facultative  anaerobes 
flourish  under  like  conditions,  but  can  also  grow  anaerobically. 
Facultative  aerobes  can  grow  in  the  presence  of  oxygen,  but  flourish 
more  particularly  under  anaerobic  conditions.  Most  of  the  familiar 
organisms  belong  to  one  or  other  of  these  two  last-named  classes, 
and  no  hard  and  fast  line  can  be  drawn  between  them.  The  fourth 
class,  to  which  the  tetanus  bacillus,  the  bacillus  of  rauschbrand, 
and  the  bacillus  of  malignant  oedema  belong,  includes  the  obli- 
gatory anaerobes  which  can  only  grow  in  atmospheres  devoid  of 
oxygen. 

Among  known  micro-organisms  some  {e.g.  the  leprosy  bacillus  and 
the  spirillum  of  relapsing  fever)  cannot  be  artificially  cultivated ; 
others  are  very  exclusive  as  regards  media  upon  or  in  which,  and 
conditions  under  which,  they  will  develop.  It  is  always  necessary  to 
bear  in  mind  that  absence  of  groAvth  on  a  particular  medium  does 
not  necessarily  imply  non-existence  of  organisms,  indeed  with 
increasing  knowledge  of  the  requirements  of  particular  species  it 
has  from  time  to  time,  despite  previous  failures,  been  found  possible 
to  obtain  growth  under  artificial  conditions,  by  the  adoption  of  par- 
ticular devices,  or  by  liaving  recourse  to  new  and  hitherto  untried 
culture  media. 

Products  of  Bacterial  Growth. — Gas  formation,  the  production 
of  particular  chemical  substances  (fatty  acids,  amido-compounds, 
indol,  etc.),  pigment  formation,  and  the  ability  to  cause  phosphor- 
escence, have  been  investigated  in  their  relation  to  various 
species.  Attention  has,  moreover,  been  devoted  of  late  years,  to 
elucidation  of  the  nature  of  the  substances,  produced  by  bacteria, 
which  cause  special  physiological  and  pathological  eff"ects.  The 
phenomena  of  fermentation  in  particular  have  received  a  large  share 
of  consideration.  It  is  usual  to  distinguish  between  fermentation  set 
up  by  chemical  products,  and  fermentation  attributable  to  living  cells. 
In  the  former  case  a  chemical  ferment  or  enzyme,  in  the  latter  what 
is  called  a  true  ferment,  is  said  to  be  operative.  It  is  customary  to 
differentiate  between  the  two  by  noting  the  action  upon  them  of 
thymol,  chloroform,  and  other  substances  which  are  inimical  to  cell 
life,  but  have  no  efl'ect  on  the  chemical  ferments.  Yet  it  has  to  be 
admitted  that  some  enzymes,  produced  by  cell  activity,  remain  in 
the  cells  which  generate  them.  Glycerine,  while  it  inhibits  the 
growth  of  many  organisms,  does  not,  as  a  rule,  prejudicially  affect 
the  activity  of  enzymes.    It  has  been  found  that  it  is  possible  by  em- 
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ploying  glycerine,  to  kill  off  extraneous  organisms  in  vaccine  lympli  ; 
hence  the  use  of  glycerinated  lymph,  as  a  means  of  producing  the 
phenomena  of  vaccination  uncomplicated  by  attendant  development 
of  foreign  organisms. 

Brieger  especially  directed  attention  to  the  formation,  as  the  result 
of  bacterial  growth,  of  tlie  bodies  known  as  ptomaines  (basic 
substances  presenting  resemblance  to  the  vegetable  alkaloids  in 
chemical  composition),  some  of  which  act  as  powerful  poisons  when 
inoculated.  Sidney  Martin  and  others  later  brought  into  promi- 
nence the  toxic  albumoses,  and  further  researches  showed  that  the 
poisonous  substances  yielded  by  cultures  of  particular  bacteria  might 
be,  not  albumoses,  but  allied  albuminous  bodies,  and  the  general 
name,  toxalbumins  (or  the  wider  term  proteins)  was  applied  to 
the  group.  The  bacterial  poisons  are  nowadays  usually  called 
toxines,  and  it  is  recognised  that  their  chemical  constitution  is 
obscure  and  that  they  must  be  distinguished  by  their  physiological 
effects. 

Koch's  Postulates. — Before  it  can  be  asserted  that  an  organism 
is  the  cause  of  a  particular  disease  tlie  following  requirements  must, 
according  to  Koch,  be  complied  with.  The  specific  organisms  must 
iDe  found  in  the  blood  or  tissues  of  the  diseased  animal,  they  must 
be  isolated  and  cultivated  in  artificial  media,  a  pure  cultivation 
must  be  capable,  in  a  susceptible  animal  species,  of  reproducing  the 
disease,  and  the  organism  must  be  again  demonstrated  in  the  blood 
or  tissues  of  the  animal  experimented  upon.  To  these  requirements 
has  been  added,  as  the  outcome  of  Sidney  Martin's  researches,  the 
condition,  that  the  toxines  obtained  from  artificial  cultures  shall  be 
identical  with  those  obtained  from  the  diseased  animal  body. 

These  several  requirements,  including  the  last,  are  all  satisfied 
in  the  case  of  anthrax,  diphtheria,  and  tetanus ;  all  save  the  last 
have  been  shown  to  be  complied  with  by  the  organisms  of  tuberculosis, 
glanders,  actinomycosis,  gonorrhcea,  plague,  malignant  cedema,  pneu- 
monia, pyjemia,  erysipelas  and  endocarditis.    In  the  cases  of  enteric 
fever,  influenza,  and  certain  forms  of  diarrlicca,  animal  experiments 
of  a  'conclusive  character  have  not  hitherto  been  made.    In  cholera 
and  in  enteric  fever,  specific  agglutinating  properties  are,  it  should  be 
noted,  demonstrable.    In  leprosy  and  relapsing  fever  artificial  cultiva- 
tions have  not  been  obtained,  but  in  relapsing  fever  monkeys  have 
"been  successfully  inoculated  by  employing  human  blood  containing 
the  spirillum.     The  bacteriology  of  scarlet  fever  is  less  conclu- 
sively  established.      In    syphilis,  rabies,  typhus   fever,  mumps, 
whooping-cough,  small-pox,  measles,  rotheln,  rheumatic  fever,  yellow 
fever,  dengue,  beri-beri,  and  some  otlier  diseases  of  presumably 
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micvobic  origin,  the  nature  of  the  org.anism  concerned  still  remains 
to  be  determined. 

Spread  of  Infection. — Organisms  are  classed  as  parasitic  and 
saprophytic,  and  (just  as  in  dealing  with  aerobes  and  anaerobes)  four 
groups,  obligatory  and  facultative  parasites,  and  obligatory  and 
facultative  saprophytes,  may  be  distinguished.  The  organisms  of 
rabies,  syphilis,  and  gonorrhoea  are  ohligatory  parasites.  In  the 
case  of  these  diseases  the  "  stamping  out "  process  by  means  of  iso- 
lation, etc.,  might  be  expected  to  prove  especially  efficacious. 
Glanders,  variola,  and  measles,  too,  are  almost  always  dii'ectly  con- 
tagious from  person  to  person,  and  scarlet  fever  and  diphtheria  a!re 
usually  communicated  in  this  way,  though  they  are  also  not  in- 
frequently spread  indirectly,  and  notably  by  the  agency  of  contami- 
nated milk.  Among  facultative  sajjy'ojjhytes  the  organisms  which 
cause  actinomycosis  and  erysipelas,  and  the  pathogenic  cocci  which 
are  associated  with  pysemic  conditions,  may  be  particularly  referred  to. 
As  examples  oi  facultative  jiarasites,  anthrax,  cholei-a,  enteric  fever, 
and  tetanus  bacilli  may  be  cited.  Anthrax  and  tetanus  only  spread 
in  rare  instances  from  person  to  person.  It  is  said  that  malaria 
and  relapsing  fever  are  never  thus  transmitted.  In  the  light  of 
modern  knowledge,  limitation  of  spread  of  malaria  is  to  be  sought 
by  eradication  of  the  definitive  host,  the  mosquito.  It  has  been 
urged  that  plague  in  like  manner  must  be  controlled  by  the  destruc- 
tion of  rats.  Ohligatory  sajyi-ophytes  are  not  directly  concerned  in  the 
production  of  infectious  disease,  though  they  may  elaborate  poisons 
capable  of  giving  rise  to  symptoms  of  a  specific  character  when 
introduced  into  the  living  body. 

The  measures  to  be  adopted  in  dealing  with  maladies  usually 
transmitted  to  man  by  animals  obviously  differ  from  those  which 
must  be  employed  in  instances  in  which  the  disease  is  generally 
communicated  from  man  to  man.  Rabies  in  the  dog  has  been  effec- 
tively combated  by  muzzling  orders,  and  by  quarantining  dogs 
newly  arriving  in  particular  localities.  Glanders  has  been  attacked 
by  destroying  affected  horses,  and  with  special  success  since  the  use 
of  mallein,  as  a  diagnostic  agent,  has  facilitated  recognition  of  the 
disease  in  its  early  stages.  Among  cow  maladies  tuberculosis  stands 
pre-eminent  as  a  source  of  mischief  in  man,  and  the  need  of  excluding 
from  milk  supplies  the  milk  of  cows,  affected  with  tubercular  disease 
of  the  udder,  has  been  increasingly  realised  of  late  years.  Scarlet 
fever,  diphtheria,  and  enteric  fever  are  not  infrequently  spread  by 
milk,  and  cholera  was  found  to  be  thus  diffused  in  one  well-attested 
instance.  Some  attention  is  now  being  given  to  the  necessity  of 
obviating,  by  an  adequate  system  of  inspection,  risk  of  spread  of 
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tuberculosis  by  the  consumption  of  tuberculous  meat.  The  possibility 
of  other  bacterial  diseases  (actinomycosis  and  anthrax  for  example) 
and  of  higher  parasitic  forms  being  transmitted  to  man  by  infected 
meat  needs  to  be  borne  in  mind.  Other  kinds  of  food  may  act  as 
disease  producers :  the  dissemination  of  enteric  fever  by  shell-fisli, 
and  the  numerous  recorded  instances  of  "  meat  poisoning,"  are  cases 
in  point. 

Communication  of  disease  to  man,  by  infective  material  derived  from 
a  previous  case  of  illness,  often  occurs  in  a  roundabout  way.  Excre- 
mental  matter  containing  the  specific  germs  of  enteric  fever  and 
cholera,  and,  perhaps,  of  other  diseases,  may  by  means  of  water  be 
conveyed  considerable  distances.  The  urine  in  enteric  fever  may  con- 
tain large  numbers  of  bacilli.  Particles  of  epidermis  have  been  sup- 
posed capable  of  long  retaining,  in  clothing,  etc.,  the  power  of  repro- 
ducing scarlet  fever ;  and  ability  to  produce  disease  has  been  ascribed 
to  mucus  in  diphtheria,  to  the  saliva  in  rabies,  to  purulent  discharges 
in  scarlet  fever  and  other  diseases,  and  to  dried  small-pox  crusts,  etc. 
The  spread  of  disease  by  fomites  is  probably  not  of  such  frequent 
occurrence  as  it  was  at  one  time  supposed  to  be.  The  infection  of 
typhus  is  remarkable  inasmuch  as  it  is  only  conveyed,  as  a  rule, 
through  very  small  distances ;  the  conditions  favourable  to  the 
spread  of  this  disease  are  particularly  those  of  gross  overcrowding. 
The  breath  presumably  often  acts  as  a  source  of  infection  in  measles, 
whooping-cough,  scarlet  fever,  diphtheria,  typhus,  and  mumps,  and 
possibly  in  pneumonia  and  small  pox.  Dried  sputa  are  assumed  to 
be  largely  operative  in  promoting  the  spread  of  phthisis. 

As  has  been  already  mentioned,  the  soil  is  supposed  to  be  a 
medium  which  favours,  under  appropriate  conditions,  the  growth  of 
certain  germs  which  cause  disease.  The  existence  of  the  anthrax, 
tetanus,  and  malignant  cedema  organisms  in  soil  has  been  re- 
peatedly demonstrated.  Enteric  fever,  diplitheria,  cholera,  summer 
diarrhwa,  and  numerous  other  diseases  have  been  from  time  to  time 
studied  in  connection  with  soil  states.  The  discovery  of  the  rdle 
played  by  the  mosquito,  in  filariasis  and  malaria,  has  led  to  direction 
of  special  attention  to  the  possibility  of  otlier  maladies  being  spread 
by  the  agency  of  blood-sucking  insects.  Quite  recently  experiments 
have  been  made  whicli  indicate  tliat  the  mosquito  can  transmit  the 
poison  of  yellow  fever.  In  this  connection,  moreover,  the  tsetse  fly 
disease  may  be  referred  to.  It  has  long  been  believed  that  the 
tsetse  fly  {Glossina  morsltans)  was  concerned  in  producing  the  "  fly 
disease"  which  is  apt  to  affect  animals  in  some  parts  of  Central 
Africa.  Bruce  showed  in  1894  that  the  fly  transmitted  the  disease 
by  transferring  a  protozoon  (trypanosoma)  from  infected  to  uninfected 
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animals.  The  trypanosoma  is  allied  to  the  organism  which  causes 
the  disease  known  in  India  as  "  surra  "  :  again  another  allied  form  of 
organism  is  found  in  European  rats.  The  "surra"  disease  does 
not,  as  a  rule,  aflfect  bovines,  whereas  the  tsetse  fly  disease  does. 
Another  interesting  point  is  the  fact  that  the  fly  disease  vanishes 
with  the  disappearance  of  large  game  from  a  district. 

Epidemic  and  Endemic  Diseases. — Some  diseases  tend  to 

permanently  establish  themselves  in  particular  localities,  notably,  for 
example,  cholera  in  special  areas  in  India,  small-pox  in  the  Soudan, 
and  plague,  malaria,  yellow  fever,  dysentery,  etc.,  in  other  parts  of 
the  world.  When  a  disease  so  establishes  itself  it  is  said  to  be 
endemic  in  the  population  concerned.  Again,  diseases  which  from 
time  to  time  become  widely  prevalent,  while  at  intervening  periods 
there  is  more  or  less  complete  freedom  from  their  ravages,  are  said 
to  be  epidemic  in  relation  to  the  populations  they  aff'ect  during  their 
times  of  activity.  Originally  the  expression  epidemic  disease  {liri, 
upon ;  S^/Aos,  the  people)  was  applied  to  any  disease  which  attacked 
many  persons  at  the  same  time,  and,  even  in  recent  years,  Avriters  on 
epidemic  diseases  have  made  reference  to  such  maladies  as  ergotism, 
scurvy,  and  the  dancing  mania  of  the  Middle  Ages.  The  modern 
use  of  the  word  is,  as  a  rule,  a  more  limited  one ;  thus  Davidson 
restricts  the  term  epidemic  "  to  that  group  of  infective  or  micro- 
parasitic  maladies  which  has  the  common  property  of  spreading  from 
time  to  time  in  a  community,"  excluding  intoxications,  dietetic,  and 
psychical  diseases,  as  well  as  those  arising  from  physical  agencies 
such  as  heat  and  cold. 

Soil  conditions  may  play  an  important  part  in  determining 
endemicity  of  disease,  climatic  conditions,  too,  are  of  importance ; 
recent  research  has  caused  attention  to  be  directed  to  search  for 
intermediate  hosts,  in  the  case  of  maladies  which  especially  occur 
in  particular  areas.  Fui'ther,  the  habits  and  social  circumstances 
of  populations  need  to  be  borne  in  mind.  A  disease  may  be 
endemic  in  one  or  more  localities,  and  from  time  to  time  show 
ability  to  become  epidemic  in  other  places.  If  the  disease  spreads 
over  a  large  portion  of  the  globe,  as,  for  example,  plague  and 
cholera  have  done  in  the  past,  it  is  said  to  become  pandemic  (ttSv, 
all ;  8^/i,os,  the  people).  The  same  disease  may  be,  therefore, 
endemic  as  regards  special  areas  and  epidemic  as  regards  other  areas. 
As  Davidson  observes,  "  The  converse  of  epidemic  is  not  endemic 
but  sporadic  ((TTropaStKo?,  scattered),"  and,  he  adds  "  an  epidemic 
disease  often  occurs  sporadically  in  inter-epidemic  periods."  The 
inability  of  the  disease  to  produce  more  than  a  few  scattered  cases 
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may  depend  upon  attenuation  of  tlie  virus,  upon  the  absence  of 
conditions  necessary  for  the  widespread  diffusion  of  the  disease,  or 
upon  insusceptibility  on  tlie  part  of  the  population  generally. 
Diseases  may  be  of  fairly  constant  occurrence  in  particular  com- 
munities, and  yet  from  time  to  time  exhibit  cyclical  variations  of 
prevalence.  Precise  study  of  the  phenomena  of  periodicity  has  only 
been  undertaken  in  quite  recent  years,  for  the  necessary  statistical 
data  have  only  become  available  within  the  last  half-century. 

Periodicity. — With  the  ancients,  study  of  periodicity  in  disease 
was  undertaken  in  relation  to  the  symptoms  of  certain  maladies  ;  thus 
the  doctrine  of  "  critical  days  "  in  fevers  arose  out  of  considerations 
as  to  whether,  on  special  days,  particular  symptoms  appeared  which 
enabled  a  forecast  as  to  the  probable  course  of  the  malady  to  be 
made.  The  modern  conception  of  periodicity  as  affecting,  not  merely 
the  course  of  a  particular  malady,  but  the  phenomena  of  wide- 
spread prevalences  of  disease,  was  foreshadowed  by  Sydenham  {See 
p.  2).  The  fluctuation  in  the  prevalence  of  certain  diseases  at 
different  seasons  of  the  year  was  made  the  subject  of  exact  study  by 
Buchan  and  Mitchell,  whose  observations  -wdll  be  later  referred  to. 
Their  researches,  in  addition  to  thro\ving  light  on  seasonal  prevalence, 
greatly  stimulated  inquiry  with  regard  to  the  fluctuations  which 
have  been  shown  to  occur  when  long  periods  of  time  are  passed  in 
review.  Lay  cock  and  Edward  Smith,  early  in  the  latter  half  of  the 
last  century,  devoted  much  attention  to  the  question  of  periodicity, 
and  found  indications,  in  numerous  instances,  that  altered  behaviour 
of  disease  was  related  to  periodical  recurrence  of  physical  phenomena. 
Laycock  held  that  it  would  be  possible  to  establish  a  system  of  vital 
proleptics,  or,  as  l^etten  Radclifi'e,  in  commenting  on  his  work, 
termed  it,  a  science  of  pathological  forecasting. 

Netten  Radcliffe  attached  special  importance  to  "the  influence  of 
an  accumulation  of  susceptible  persons  in  the  intervals  between 
epidemic  prevalence."  He  showed  that,  making  certain  assumptions 
with  a  view  to  simplifying  the  problem,  a  rough  approximation  to  the 
number  of  years  covered  by  an  epidemic  cycle  could  be  obtained  by 
dividing  "  the  number  of  people  attacked,  or  otherwise  rendered 
insusceptible,  during  an  epidemic,"  by  "  the  annual  excess  of  births 
over  deaths  (all  causes),  -svith  other  increments  of  susceptible  popula- 
tion." He  pointed  out  that  variations  in  the  numbers  attacked, 
fluctuations  in  the  number  of  susceptible  people  from  whatever 
cause  arising,  and  other  influences,  required  to  be  kept  in  mind,  and 
he  said,  "  it  is  easy  in  these  considerations  to  find  reasons  for  difier- 
ences  in  epidemic  cycles  among  different  communities,  for  difl'erences 
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in  the  intensity  of  successive  epidemics,  and  for  apparent  alterations 
of  susceptibility  among  communities,  and  these  reasons  -will  deserve 
to  be  considered  before  going  in  search  of  other  reasons." 

Kansome  was  struck  by  the  remarkable  behaviour  of  small-pox  in 
Sweden  in  the  latter  half  of  the  eighteenth  century,  during  which 
period  epidemics  occurred  with  striking  regularity,  at  intervals  of 
about  five  years,  up  to  the  time  when,  in  correspondence  with  the  in- 
troduction of  vaccination,  the  prevalence  of  the  disease  underwent 
remarkable  diminution.  Ransome  obtained  from  Dr.  Berg,  of  Stock- 
holm, the  figures  relating  to  whooping-cough,  scarlet  fever,  and 
measles  in  Sweden.  In  the  case  of  measles,  eight  well-marked  major 
prevalences  occurred  between  1775  and  1830,  the  interval  between 
each  prevalence  being  about  six  years.  In  the  case  of  whooping- 
cough  the  cycles  of  prevalence  were  less  distinctly  marked,  but  some 
ten  major  prevalences  were,  roughly  speaking,  traceable,  the  interval 
being  thus  somewhat  shorter  than  that  noted  in  measles.  In  scarlet 
fever  only  four  well-marked  prevalences  occurred,  the  intervals  being 
about  fifteen  to  twenty  years,  and  thus  considerably  longer  than  in 
measles,  whooping-cough,  and  small-pox. 

Ransome  pointed  out  that,  in  the  case  of  scarlet  fever  more  parti- 
cularly, there  were  shorter  cycles,  in  addition  to  the  longer  undula- 
tions; he  compared  the  latter  to  vast  waves  of  disease  on  which 
"the  lesser  epidemics  show  like  little  ripples  upon  the  surface  of 
an  ocean  swell."  He  sought  to  find  an  explanation  of  the  shorter 
cycles  on  several  hypotheses.  On  one,  the  "  age  theory,"  the  pheno- 
mena were  held  to  be  accounted  for  by  the  fact  that  "  certain  years 
of  life  are  prone  to  the  disease,  and  that,  when  these  have  been 
cleared  away,  the  disease  could  not  prevail  extensively  until  there 
were  again  persons  of  fit  age  to  receive  the  poison."  On  another, 
explanation  was  sought  in  variations  "  in  the  powers  of  ofi'ence  and 
virulence"  manifested  by  the  disease.  A  third  hypothesis,  which 
Ransome  thought  afforded  the  best  explanation  of  all,  was  to  the  efiect 
that  "  a  certain  density  of  the  population  at  susceptible  ages  is  neces- 
sary before  a  disease  can  spread  with  the  vigour  of  an  epidemic." 
According  to  this  hypothesis  the  disease  "  can  only  become  epidemic 
when  the  proximity  between  susceptible  persons  becomes  sufficiently 
close  for  the  infection  to  pass  freely  from  one  to  the  other."  Ransome 
says,  when  an  epidemic  "  has,  by  either  a  fatal  or  non-fatal  attack, 
cleared  away  nearly  all  the  susceptible  persons  in  a  population,  mostly 
infants  and  children  up  to  a  certain  age,  then  it  must  necessarily  wait 
a  certain  number  of  years  before  the  requisite  nearness  of  susceptible 
individuals  has  been  secured.  There  must,  in  the  interval,  be  a 
gradual  re-stocking  of  the  nation  with  material  fit  for  the  epidemic 
to  feed  upon,  and  it  can  only  spread  when  the  requisite  proximity 
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is  attained,  wlien  the  meshes  of  the  network  of  comuiunication  are 
sufficiently  close  to  enable  it  to  include  all  susceptible  persons  in  one 
grand  haul."  Ransome  thus  accounted  for  the  minor  cycles;  with 
regard  to  the  larger  undulations,  which  he  called  the  "  nutation 
periods  "  of  diseases,  he  was  unable  to  oflfer  any  explanation. 

Whitelegge,  in  1892,  in  a  paper  entitled  "Measles  Epidemics, 
Major  and  Minor,"  referred  to  minor  epidemics  as  "  occurring 
every  year  or  two,  and  in  a  sense,  mechanically,"  and  suggested  that 
the  "  major  epidemics,  the  Avaves  of  long  periods,  were  due  to  pro- 
gressive alterations  in  the  intensity  of  the  measles  virus."  This 
question  of  "  Change  of  type  in  epidemic  diseases  "  was  considered 
in  detail  by  Whitelegge  in  his  Milroy  lectures.  Putting  aside 
"  superadded  waves "  (annual  seasonal  waves,  milk  epidemics  and 
water  epidemics),  he  attributed  the  broader  cycles  to  change  in  the 
quality  of  the  disease  itself.  He  held  that  the  virus  was  able  to 
manifest  at  certain  periods  greater  severity  of  attack,  greater  power 
of  overcoming  comparative  insusceptibility  and  greater  power 
of  epidemic  diffusion.  In  some  diseases,  those  of  "  stable  type," 
variations  of  intensity  of  \T.rus  are  little  marked;  in  others 
those  of  "  unstable  type "  (or  "  mobile  diseases ")  the  quality  of 
the  virus  appears  to  undergo  rapid  and  even  abrupt  changes  in 
intensity. 

Scarlet  fever  is,  from  this  point  of  view,  a  disease  of  an  intermediate 
character,  but,  as  evidence  of  gradual  change  in  the  quality  of  this 
disease,  Whitelegge  pointed  out  that  the  hospital  case-mortality 
from  scarlet  fever,  from  1832  onwards,  showed  a  rise  and  fall,  in 
close  correspondence  with  the  general  scarlet  fever  mortality, 
especially  during  the  period  1859  to  1880.  In  small-pox  there  was 
found  to  be  doubt  as  to  whether  a  rise  in  case-mortality  could  be 
definitely  traced,  at  the  times  of  occurrence  of  major  prevalences 
of  the  disease.  In  measles  there  was  some  suggestion  that  long 
waves  of  prevalence  were  accompanied  by  variations  in  type ;  but 
the  minor  explosions,  occurring  at  short  intervals,  were  attributed 
to  the  fact  that  accumulation  of  susceptible  persons  favours  spread 
of  disease,  at  times  when  the  climatic  and  other  external  conditions 
offer  sufficiently  small  resistance.  It  may  be  noted  that  the  varia- 
tions in  prevalence  of  scarlet  fever  between  1859  and  1880,  which 
were  accompanied  by  alterations  in  case-mortality,  were  also 
accompanied  by  variations  in  age-incidence  of  the  malady  and 
similar  variations  in  age-incidence  are  clearly  marked  in  the  case  of 
small-pox.  Such  fluctuations  in  age-incidence  may,  however,  be 
regarded  as  being  produced,  in  part  at  any  rate,  by  the  variations 
in  prevalence,  and  thus  as  being  tJie  effect  ratlier  than  the  cause  of 
those  variations,  it  is  therefore  difficult  to  say  to  what  extent,  if 
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any,  they  represent  altered  susceptibility  of  the  population  to  disease 
of  such  a  kind  as  may  have  had  influence  in  favouring  prevalence  or 
otherwise. 

The  periodicity  of  a  disease,  which  has  become  established  in  a 
particular  community,  undoubtedly  influences  to  a  marked  extent 
the  age-distribution  of  the  deaths  due  to  it.  Indeed,  McYail 
says  "the  periodicity  of  small-pox  is  the  governing  factor  in  its 
age-distribution."  He  points  out,  referring  to  small-pox  in  the 
eighteenth  century,  that  in  Kilmarnock  and  Geneva  epidemics 
came  every  four  or  five  years,  and  the  disease  was,  to  nine-tenths  of 
its  extent,  found  to  aff"ect  children  under  five  years  old,  "  the  average 
age  at  death  in  Kilmarnock  being  not  much  over  the  average  age 
of  the  children  born  since  the  previous  epidemic.  But  in  Boston, 
U.S.A.,  where  epidemics  came  every  twelve  years,  the  average  age 
at  death  would  be  greater  ;  and  so  also  in  country  towns  and  villages, 
and  in  the  Hebrides,  Iceland,  etc.  In  London  small-pox  attacks 
among  adults  appear  to  have  been  not  at  all  uncommon,  and  the 
explanation  is  doubtless  to  be  found  in  the  largeness  of  the  number 
of  immigrants  from  country  districts,  where  opportunities  of  attack 
were  less  frequent." 

Protection  and  Immunity. — The  notion  that  a  condition  of 
protection  against  disease  could  be  obtained,  by  submitting  the  body 
to  the  operation  of  the  malady  in  a  mild  form,  lay  at  the  root  of 
the  ancient  beliefs  in  the  efficacy  of  small-pox  inoculation.  The 
Brahmins  are  said  to  have  first  put  the  question  to  the  test  of 
practice,  employing  what  would  be  termed,  in  modern  phraseology, 
an  attenuated  virus,  obtained  by  storing  material  from  cases  of  the 
disease,  and  conducting  their  operations  with  careful  regard  to  diet, 
regimen,  etc.,  during  the  progress  of  the  treatment.  Variolation 
is,  moreover,  said  to  have  been  long  ago  practised,  in  China,  by 
applying  small-pox  crusts  to  the  nostrils,  and  other  methods  have 
been  adopted  in  various  parts  of  the  world.  Attention  was 
pointedly  called  to  the  question  in  modern  times,  Avhen,  early  in 
the  eighteenth  century,  under  the  auspices  of  Lady  Mary  Wortley 
Montagu,  small-pox  inoculation  was  introduced  into  this  country, 
and  the  practice  soon  became  widely  extended. 

Jenner's  discovery,  at  the  end  of  the  century,  by  substituting 
vaccination  for  the  more  formidable  variolation,  led  to  the  genei'al 
adoption,  in  those  civilised  countries  in  which  small-pox  prevailed, 
of  the  new  method,  the  dangers  attendant  upon  which  were  seen  to 
be  insignificant  in  comparison  with  those  associated  with  inoculation 
of  small-pox  virus.  As  statistical  records  have  accumulated  on  a 
larger  and  larger  scale,  and  the  beliaviour  of  small-pox  in  relation 
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to  vaccination  has  admitted  of  being  more  and  more  critically- 
examined,  the  significance  of  the  new  departure  inaugurated  in  1798 
has  been  increasingly  realised.  Moreover,  experiments  made  in 
recent  years  have  shown  that  Jenner's  "  varioljB  vaccinae "  is,  in 
point  of  fact,  variola  of  the  cow,  and  thus,  while  confirming 
J enner's  thesis,  have  been  the  means  of  greatly  stimulating  inquirj' 
upon  the  lines  which  he  indicated  more  than  a  century  ago. 

Prior  to  tlie  collection  of  statistics  on  a  comprehensive  scale,  second 
attacks  of  small-pox  were  regarded,  if  not  as  altogether  unknown,  at 
least  as  quite  exceptional;  such  occurrences  were,  no  doubt,  very 
rare  in  the  experience  of  any  individual  observer.  In  the  Shefiield 
outbreak  of  1887-1888,  however,  in  which  the  matter  was  tested, 
by  Barry,  in  a  large  population  severely  attacked  it  was  found  that 
twenty-three  persons,  out  of  a  total  of  18, 2 9 2,  reported  to  have  suffered 
from  small-pox  prior  to  1887,  again  developed  the  disease,  an  attack 
rate  of  0-13  per  cent.  The  rate  upon  the  Shefiield  population  con- 
sidered as  a  whole  was  about  thirteen  times  as  great  (1-7  per  cent.), 
while  that  upon  the  unvaccinated  portion  of  the  population  was 
more  than  fifty  times  as  great  (7-5  per  cent.). 

The  frequency  of  occurrence  of  second  attacks  of  other  diseases 
has  not  been  studied  with  precision,  the  necessary  data  not  haA-ing 
been  hitherto  available  on  a  large  scale;  with  the  growth  of  the 
system  of  notifying  disease,  increase  of  knowledge  in  this  connection 
may  be  anticipated.  That  some  forms  of  disease  protect  the  sufferer 
against  future  attack  is  made  clear,  apart  from  evidence  of  the 
kind  which  has  already  been  referred  to  in  the  case  of  small-pox, 
by  certain  other  considerations.  The  normal  behaviour  of  such 
diseases  as  measles  and  whooping-cough,  in  attacking  young  children 
and  sparing  adults,  may  be  mentioned.  It  has  further  been  found 
that  when,  as  in  the  Fiji  epidemic  of  1875,  measles  attacks  a  com- 
munity containing  persons  who  have  not  suffered  from  the  disease 
in  childhood,  its  incidence  upon  adults  is  marked.  Moreover, 
precise  statistical  record  of  the  ability  of  this  disease  to  attack 
children  and  others,  at  higher  ages,  is  forthcoming  in  the  case  of 
sparsely  populated  places,  in  which  measles  outbreaks  are  of  in- 
frequent occurrence.  Thus,  while  in  certain  sparsely  populated 
parts  of  England  the  deaths  under  five  years  of  age  constitute 
only  78  per  cent,  of  the  total  deaths  from  measles,  in  large  toAvns 
such  deaths  contribute  93  or  94  per  cent,  of  the  total  deaths. 

Small-pox,  like  measles  nowadays,  was  once  a  disease  of  cliild- 
hood.  Thus  in  Kilmarnock  from  1728  to  1764,  outbreaks  of 
small-pox  occurred  every  three  or  four  years,  and  88  per  cent,  of 
the  total  deaths,  taking  the  entire  period,  occurred  in  children  who 
had  been  born  since  the  height  of  the  epidemic  preceding  that  in 
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which  their  small-pox  was  contracted.  McVail,  in  1882,  in  a 
paper,  extracts  from  which  appear  in  the  Fourteenth  Annual 
Report  of  the  Medical  Officer  of  the  Local  Government  Board, 
commented  upon  these  facts.  He  pointed  out  that  the  Kilmarnock 
population  in  question  (some  5,000  persons)  might  be  regarded  as 
being  composed  of  three  groups;  there  were,  in  fact,  from  the 
point  of  view  of  small-pox,  three  Kilmarnocks.  "  One,  a  Kil- 
marnock of  3,700  persons,  had  no  fear  of  its  attacks.  These  had 
already  met  with  and  battled  with  the  disease  fiend.  On  many- 
were  to  be  seen  the  marks  of  the  conflict.  Some  were  blind,  some 
had  lost  their  hearing,  many  were  permanently  injured  in  consti- 
tution, and  very  many  were  scarred  and  disfigured  for  lifej  and 
for  every  one  that  conquered  another  had  fallen  never  to  rise 
again.  There  was,  indeed,  a  second  Kilmarnock  under  the  green 
sod  of  the  kirkyard.  The  Kilmarnock  which  had  reason  to  dread 
the  epidemic's  approach  was  a  Kilmarnock  the  least  able  to  meet  it. 
It  consisted  of  a  band  of  little  children,  numbering  less  than  500 
in  all." 

The  experience  of  Kilmarnock  is  borne  out  by  records  kept  in 
other  places,  and  the  question  is  seen  to  be  one  of  exceptional  interest 
when  the  altered  behaviour  of  small-pox  in  comparatively  recent 
years  is  studied  in  connection  with  it.  McVail  has  referred  to  this 
subject  in  commenting  upon  the  annexed  table  of  statistics  relating 
to  small-pox  in  Geneva  (1580-1760),  Kilmarnock,  1728-1764,  and 
London,  1848-1851.  The  table  appeared  in  the  Report  of  the  Medical 
Officer  of  the  Local  Government  Board  for  1884. 
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McVail  remarks — "  These  figures  show :  (1)  That  when  vaccination 
was  unknown,  from  96  to  99  per  cent,  of  all  small-pox  deaths  in 
Geneva  and  Kilmarnock  occurred  under  10  years  of  age — that, 
indeed,  small-pox  was  in  such  places  a  disease  of  childhood.  (2)  That 
in  London  in  1848-1851,  when  vaccination  was  partially  in  vogue, 
without  being  enforced  by  law,  80  per  cent,  of  the  victims  were 
under  this  age.  (3)  That  in  London,  in  1884,  under  general  vaccina- 
tion, only  34  per  cent,  of  the  total  small-pox  deaths  were  under 
10  years.  (4)  That  among  the  vaccinated  community  of  London 
less  than  9  per  cent. ;  while  among  the  unvaccinated  community 
61  per  cent,  were  under  10  years.  Thus  we  find  that  with  the 
spread  of  vaccination,  children,  as  a  whole,  and  especially  vaccinated 
children,  bear  less  and  less  of  the  total  small-pox  mortality,  while 
among  the  unvaccinated  the  distribution  approaches  more  nearly  to 
that  of  pre-vaccination  times." 

Altogether,  apart  from  statistical  evidence  as  to  the  infrequencj' 
of  second  attacks  of  special  diseases,  there  is  a  further  consideration 
which  must  not  be  lost  sight  of.  When  a  patient  is  attacked  by 
disease  and  recovers,  the  mere  fact  of  his  recovery  suggests  that 
some  altered  condition  of  body  has  been  induced,  in  the  course  of 
the  malady,  which  renders  him,  at  any  rate  for  the  time  being, 
able  to  resist  the  disease.  This  consideration  was  brought  into 
prominence  with  the  development  of  the  germ  theory  of  disease, 
and  Pasteur,  applying  to  the  phenomena  of  infectious  disease  the 
facts  learnt  concerning  the  behaviour  of  micro-organisms  in  culture 
fluids,  propounded  an  "  hypothesis  of  exhaustion  "  as  an  explanation 
of  the  reason  why  protection  was  afforded.  According  to  this 
theory,  the  organisms  causing  disease,  or  the  attenuated  organisms 
employed  for  bringing  about  a  condition  of  protection  against  the 
disease,  use  up  certain  constituents  of  the  body  necessary  for  their 
o^vn  growth  and  development.  This  hypothesis  fails  to  explain 
many  of  the  phenomena  of  immunity,  but  its  promulgation  at  any 
rate  shows  how  materially  the  point  of  view  with  regard  to  pro- 
tection and  immunity  had  been  changed  by  growth  of  knowledge 
concerning  the  relation  of  micro-organisms  to  disease. 

The  exhaustion  theory  has  been  thrown  a  good  deal  into  the  back- 
ground by  the  discovery  that  the  multiplication  of  living  organisms 
in  the  body  is  not  necessary  for  the  production  of  protection.  The 
conditions  can,  as  recent  research  has  shown,  be  brought  about  also, 
in  certain  instances,  by  inoculation  with  materials  altogether  free 
from  living  organisms.  Another  hypothesis,  the  theory  of  "  reten- 
tion," was  therefore  propounded  as  an  alternative  to  Pasteur's  hypo- 
thesis.   This  hypothesis  assumed  that  organisms  growing  in  the 
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body  produce  substances  inimical  to  their  further  development,  and 
so  promote  recovery  from  disease,  and  (as  long  as  the  inimical  sub- 
stances are  retained  in  the  body)  a  condition  of  protection  against 
future  attacks  of  the  disease.  The  theory  seems  to  be  confirmed 
by  the  phenomena  observed  in  connection  with  inoculation  of  toxines 
and  with  "  chemical  vaccination  "  (as  it  has  been  termed)  generally. 
But  there  are  difficulties  in  connection  with  this  hypothesis  also — 
it  is  hard  to  understand  how  toxines  can  be  retained  for  long  periods 
in  tlie  body,  and,  in  point  of  fact,  observation  shows  they  are 
speedily  eliminated.  Again,  the  tissue  juices  of  protected  animals 
are,  as  a  rule,  capable  of  acting  as  media  in  which  the  organism, 
concerned  in  causing  the  disease,  can  be  cultivated.  The  retention 
hypothesis,  too,  has  thus  of  late  years  become  discredited. 

One  result  of  recent  knowledge  has  been  to  bring  into  prominence 
certain  distinctions  between  the  condition  of  immunity  to  disease 
which  is  "  natural "  or  "  innate  "  on  the  one  hand,  and  that  which  is 
"  acquired "  or  "  artificially  induced  "  on  the  other.  Instances  of 
natural  immunity  are  the  insusceptibility  of  the  human  species  to 
cattle  plague,  fowl  cholera,  swine  erysipelas,  and  other  diseases  wlaich 
afi'ect  animals,  the  insusceptibility  of  animals  to  measles,  whooping- 
cough,  gonorrhoea,  etc.,  and  the  relative  insusceptibility  of  the  dog, 
frog,  rat,  and  the  Algerian  sheep  to  anthrax.  As  examples  of 
acquired,  artificially  induced,  or,  as  it  is  sometimes  termed,  specific 
immunity,  may  be  mentioned  the  protection  against  subsequent 
attack  manifested  after  recovery  from  particular  diseases,  and  the 
condition  of  protection  produced  by  certain  kinds  of  specific  treat- 
ment. 

Natural  Immunity. — The  causes  of  natural  immunity  have 
been  sought,  of  late  years,  in  the  ability  of  fixed  and  wandering  cells 
to  engulf  and  destroy  bacteria  and  intruding  matter  foreign  to  the 
body  (phagocyte  theory),  and  again  in  the  bactericidal  properties  of 
the  body  fluids.  MetchnikofF,  in  1884,  first  drew  attention  to  the 
power  exhibited  by  the  leucocytes  of  daphnia  (a  water  flea)  of 
enveloping  and  destroying  the  spores  of  a^  fungus,  Avhich  causes  a 
diseased  condition  in  this  animal.  He  afterwards  described  the 
phenomena  of  phagocytosis  as  occurring  in  frogs  infected  with 
anthrax,  and  particularly  laid  emphasis  upon  the  degenerative  pro- 
cesses which  afi'ect  the  anthrax  bacilli  within  the  leucocytes  of  the 
frog.  He  was  led  to  the  conclusion  that  this  phenomenon  was 
especially  manifested  in  the  case  of  resistant  animals,  and  that  the 
likelihood  of  an  animal  being  able  to  resist  a  particular  form  of 
disease  could  be  predicted  by  noting  the  extent  to  which  phage- 
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cytosis  occurred.  Much  controversy  arose  with  regard  to  the  general- 
isations of  Metchnikoff,  and  not  a  few  phenomena  difficult  of  ex- 
planation on  his  hypothesis  were  observed.  An  important  point  was, 
however,  noted,  in  connection  with  these  investigations,  as  to  the 
behaviour  of  invading  organisms  in  relation  to  cells.  It  was  found 
that  introduction  of  disease  germs  in  particular  situations  was 
followed  by  migration  of  leucocytes  and  by  inflammatory  reaction. 
The  migration  was  presumed  to  be  due  to  the  influence  of  attraction 
exerted  by  certain  chemical  substances,  and  was  termed  "positive 
chemiotaxis " ;  in  other  instances  chemical  substances  were  found 
to  exert  a  repellant  influence,  "  negative  chemiotaxis."  The  phago- 
cyte theory  has  fallen  a  good  deal  into  disfavour  since  the  discovery 
of  the  action  of  bacterial  toxines,  and  it  is  probable  that  in  many 
instances  the  phenomena  of  phagocytosis  are  to  be  regarded  as  an 
after  efi'ect  and  not  as  the  cause  of  the  production  of  immunity. 

The  rival  theory  to  the  phagocytic,  or  "cellular  theory"  of 
Metchnikofi",  assumes  that  the  body  fluids  are  mainly  operative  in 
destroying  invading  bacteria.  Freshly  drawn  blood,  pericardial  fluid, 
and  cell-free  serum  have  been  found  to  possess  marked  bactericidal 
properties.  This  power  is  lost  on  heating  to  55°  C.  Buclmer 
showed  that  the  destructive  power  of  these  fluids  was  due  to  con- 
tained protective  substances,  "  alexins,"  as  he  termed  them  (from  a 
Greek  word  signifying  to  protect).  The  fact  that  withdrawal  of  the 
mineral  salts  from  serum  deprives  it  of  its  protective  properties, 
while,  furthermore,  the  salts  alone  cannot  be  regarded  as  operative, 
inasmuch  as  in  that  case  the  destructive  powers  of  the  serum  should 
not  be  abolished  by  heating  to  55°  C,  suggested  that  the  alexins 
were  proteid-like  substances  in  loose  combination  with  salts.  It  has 
been  shown  that  the  protective  bodies  can  be  precipitated  ^vith 
the  proteids  from  serum,  and,  after  drying,  again  dissolved  and 
shown  to  retain  their  activity. 

Neither  the  phagocytic  or  "  cellular  "  nor  the  alexin  or  "  humoral " 
theory  seems  capable  of  explaining  all  the  facts  as  to  natural 
immunity.  It  has  been  suggested  that  there  is  a  via  media,  and 
that  the  phagocytes  produce  the  alexins.  By  injection  of  a  sterilised 
emulsion  of  wheat  gluten  into  the  pleural  cavity  of  rabbits  and  dogs 
an  exudation  containing  leucocytes  in  abundance  and  possessing 
pronounced  bactericidal  properties  is  obtained.  It  has  been  argued 
that  these  powers  cannot  be  attributed  to  the  leucocytes,  as  they  are 
still  manifested  after  freezing  and  thawing,  and  tliat  they  must 
therefore  be  due  to  substances  (alexins)  Avhich  have  been  yielded  to 
the  exudation  by  the  leucocytes. 

The  phenomena  observed  as  regards  behaviour  of  leucocytes, 
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towards  foreign  material  introduced  into  the  body,  have  suggested 
that  in  order  to  increase  the  natural  power  of  resistance  to  bacteria, 
"  hyperleucocytosis  "  should  be  induced.  Koch's  original  tuberculin 
lias  been  supposed  to  act  by  bringing  about  accumulation  of  leucocytes 
in  the  diseased  tissues,  and  thus  favouring  destruction  of  the  tubercle 
bacilli  present  in  them.  The  production  of  chronic  venous  congestion 
has  hence  been  advocated  in  the  treatment  of  tuberculous  disease  of 
joints  and  bones  "with  the  idea  of  promoting  local  increase  of 
resistance. 

Apart  from  power  of  dealing  with  invading  micro-organisms  there 
may  be  a  natural  resistance  to  certain  poisons.  The  ichneumon  and 
many  snakes  are  unaftected  by  snake  venom,  and  scorpions  are  said 
to  be  immune  against  their  own  poison.  Poisons  which  are  fatal  when 
injected  may  be  comparatively  harmless  when  swallowed.  Hence  the 
success,  in  some  instances,  of  the  practice  of  sucking  poisoned  wounds. 
In  the  case  of  snake  venom,  it  has  been  stated  that  the  saliva  itself 
possesses  a  definite  anti-toxic  action. 

Specific  or  Acquired  Immunity  may  result  from  an 

attack  of  specific  disease  or  from  the  production  of  one  of  the  two 
states  which  Ehrlich  distinguishes  as  active  and  passive  immunity. 
The  former  condition  is  brought  about  by  protective  inoculation, 
the  specific  immunising  substances  being  generated  in  the  body 
itself ;  the  latter  is  induced  by  introduction  of  protective  substances, 
the.  development  of  which  has  been  accomplished  in  the  serum  of 
some  other  animal. 

As  instances  of  immunity  produced  by  an  actual  attack  of  disease, 
the  protection  afibrded  by  small-pox,  scarlet  fever,  measles,  and 
whooping-cough,  and  perhaps  in  less  degree  by  typhoid  fever  and 
plague,  among  human  diseases  may  be  mentioned — cattle  plague, 
pleuro-pneumonia,  etc.,  among  animal  diseases,  may  also  be  cited. 
Some  ijifectious  diseases  appear  to  afford  little  or  no  protection 
against  subsequent  invasion,  or  the  protection  is  only  very  transitory, 
while  in  the  case  of  pneumonia  and  erysipelas  one  attack  of  the 
disease  seems  to  render  the  suflferer  even  more  liable  than  before  to 
future  attacks.  The  possible  influence  of  mild,  unrecognised  forms 
of  disease  has  to  be  kept  in  mind,  and  the  fact  that  certain  diseases 
such  as  malaria,  yellow  fever,  and  typhoid  fever,  not  infrequently 
attack  new  comers  in  a  particular  locality,  and  fail  to  affect  to  a 
like  extent  persons  long  resident  in  the  place,  may  perhaps  be  thus 
explained.  The  production  of  immunity  by  the  "active"  method, 
i.e.,  by  inducing  the  formation  of  specific  protective  substances  in 
the  body  itself,  involves,  as  a  rule,  the  setting  up  of  some  febrile 
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reaction,  and  further  a  period  of  delay  must  inevitaVjly  iiitovene 
before  the  formation  in  the  body  of  the  protective  substance  is 
accomplished.  On  tlie  otlier  liand,  tlie  immunity,  when  successfully 
induced,  is  usually  of  a  more  or  less  lasting  character,  wliereas 
in  that  produced  by  the  "passive"  metliod,  although  there 
may  be  absence  of  reaction,  and  the  body  is  at  once  supplied 
with  the  protective  substance,  this  last-named  material  may  be 
rapidly  excreted,  and  the  immunity  prove  thus  of  a  merely  tran- 
sitory nature. 

The  active  method  of  producing  immunity  has  been  practised — 
(a)   By  inoculation    with  livimj  virulent  viriis,  e.<j.,   in  small- 
pox inoculation   in  man,  and  in  pleuro-pneumonia  inoculation  in 
cattle.' 

(6)  By  inoculation  with  living  but  attenuated  virus.   This  method 
was  first  employed  by  Pasteur  in  the  case  of  fowl  cholera,  by  use  of 
cultures  Avhich  had  been  attenuated  by  exposure  to  tlie  air.  The 
attenuation  has  since  been  effected  in  the  case  of  anthrax  and 
rauschbrand  by  application  of  heat.    Anthrax  inoculation  by  Pas- 
teur's method   has  been  somewhat  extensively  employed  on  the 
Continent,  but  the  protection  afforded  has  been  found  not  to  be  of 
lasting  character.     In  swine  erysipelas  attenuation  has  been  pro- 
duced by  passage  of  the  virus  through  comparatively  insusceptible 
animals,  and  this  method,  it  may  be  noted,  has  been  shown  by 
recent    research   to   be'  that   Avhich  is   operative  in  vaccination 
against  small-pox,  human  variola  and  cow-pox  being  really  one  and 
the  same  disease.     In  Pasteur's  prophylactic  treatment  of  rabies 
attenuation  is  effected  by  drying  the  spinal  cords  of  rabbits,  and  the 
material  thus  obtained  is  used  as  vaccine.     This  form  of  treatment 
has  been  attended  with  marked  success,  but,  as  the  process  of  pro- 
ducing immunity  takes  time,  its  commencement  must  not  be  too  long 
delayed.     Lastly,  it  has  been  suggested  that  attenuation  may  be 
brought  about  by  the  addition  of  antiseptics. 

(c)  By  inoculation  of  cultures,  the  organisms  in  which  have  been 
destroyed  This  method  has  been  particularly  tried  in  connection 
with  cholera,  enteric  fever,  and  plague.  As  regards  tlie  finst-named 
disease,  R.  Pfeiffer  showed  that  guinea-pigs  could  be  immunised  by  in- 
jection of  cultures  containing  living  or  dead  cholera  organisms.  H  e 
found  that  living  organisms,  on  being  introduced  into  the  peritoneal 
cavity  of  such  immunised  animals,  were  rendered  incapable  of  ex- 
hibiting motility  ;  moreover,  after  a  few  minutes,  the  vibrios  became 
swollen  and  were  broken  up,  and  finally  dissolved.  The  like  re- 
action ("Pfeiffer's  phenomenon")  was  exhibited  when  the  seruni.of  a 
person  convalescent  from  cholera  was  mixed  with  N  ibriosand  iniected 
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into  the  peritoneal  cavity  of  a  normal  guinea-pig.  The  reaction  is  a 
specific  one,  only  true  cholera  vibrios  being  affected  in  this  way,  and 
the  "  bacteriolysis "  induced  lias  therefore  been  attributed  to  a 
"  specific  bactericidal "  substance  which,  it  is  presumed,  has  been 
genei'ated  in  the  body  of  the  immune  guinea-pig,  and  is  present  in 
tlie  serum  of  the  immunised  patient.  It  M-as  later  found  that 
perfectly  fresh  immune  serum  was  by  itself  capable  of  producing 
Pfeiffer's  phenomenon,  outside  the  body  of  tlie  guinea-pig ;  such 
serum  was  liable  to  become  inactive,  but  could  be  "  activated " 
by  addition  of  a  small  quantity  of  normal  serum.  Hence,  it  was 
argued,  two  factors  were  at  work;  there  must  be  present  a  specific 
"immune  body,"  and,  in  addition,  an  eminently  UJistable  ferment- 
like "complement"  or  "addiment,"  which  induces  the  bacteriolj'sis, 
and  which  is  only  present  in  minute  quantities  in  the  serum,  but 
is  capable  of  being  elaborated  by  living  cells. 

The  subject  has  been  further  investigated  in  connection  with  the 
"laking"  of  blood.  Evidence  has  been  forthcoming  that  active 
serum,  capable  of  producing  laking  of  particular  kinds  of  blood, 
can  be  obtained  by  injection  of  the  blood  of  one  animal  into  another 
animal.  Thus  Bordet  injected  defibrinated  rabbits'  blood  into 
guinea-pigs,  and  found  that  the  serum  of  the  latter  then  pos- 
sessed huemolytic  properties,  i.e.,  it  was  capable  of  laking  rabbit's 
blood  corpuscles.  This  serum  Avas  rendered  inactive  by  heating  to 
55 C,  but  could  be  "activated"  by  addition  of  normal  guinea- 
pig's  serum. 

Gruber  and  Durliam,  starting  from  the  observation  that  cholera 
vibrios  on  being  brought  in  contact  with  cholera-immune  serum  in  a 
test-tube  lost  their  motility,  and  adhered  and  collected  into  clumps, 
studied  further  this  "  agglutination,"  which  they  attributed  to  the 
presence  of  specific  protective  substances.  They  found  that  care 
Avas  iieeded  in  drawing  conclusions  with  regard  to  this  test ;  a  cholera- 
immune  serum  was  able  to  agglutinate  certain  allied  organisms,  but 
the  reaction,  in  the  case  of  the  specific  organism,  was  still  marked, 
even  when  the  serum  was  greatly  diluted.  Similar  phenomena  were 
observed  when  the  enteric  fever  bacillus  and  some  other  organisms 
were  made  the  suljject  of  experiment.  The  agglutinines  were  found 
to  be  used  up  in  the  reaction,  being  absorbed  by  the  bacteria; 
it  has  been  further  sliown  that  tliey  can  be  again  redissolved 
from  the  organisms  and  made  to  exliibit  anew  their  agglutinating 
property. 

Typhoid  immune  serum  sometimes  agglutinates  Bacillus  coli  and 
the  bacillus  of  Gartner,  but  only  when  the  serum  is  in  sufficient 
strength,  the  phenomenon  being,  on  the  other  hand,  produced,  in  tlie 
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case  of  the  true  enteric  fever  bacillus,  even  when  the  serum  is  much 
diluted.  Widal  advanced  matters  a  step  further  when  he  showed 
that  enteric  fever  bacilli  were  agglutinated  by  serum  obtained 
from  cases  of  enteric  fever  even  before  the  end  of  the  first  week. 
This  discovery  of  the  fact  that  the  characteristic  reaction  occurred 
after  tlie  lapse  of  a  few  days  only  from  the  date  of  attack, 
afforded  a  most  valuable  means  of  detecting  the  existence  of  enteric 
fever,  and  in  doubtful  cases  of  illness  this  "  Widal  reaction "  has 
been  extensively  employed  for  clearing  up  the  diagnosis. 

For  the  production  of  immunisation  against  enteric  fever,  Wright 
has  employed  cultures  of  Eberth's  bacillus,  after  first  sterilising  them 
by  application  of  heat.  Injection  of  an  appropriate  dose  of  sterilised 
culture  produces  transient  febrile  disturbance,  with  headache 
and  malaise,  the  site  of  inoculation  becomes  tender,  and  the 
nearest  lymphatic  glands  are  rendered  painful  on  pressure.  The 
blood  a  few  days  later  may  agglutinate  the  specific  bacilU,  but 
sufficient  data  are  not  yet  forthcoming  to  enable  a  precise  estimate 
to  be  made  of  the  degree  of  protection  afforded  against  enteric  fever, 
as  ordinarily  conveyed  by  water,  milk,  food,  etc. 

In  the  case  of  plague  cartain  animals  have  been  rendered  immune 
by  the  active  process,  and  serum  obtained  in  this  way  (Yersin's, 
Lustig's,  etc.,  serum)  has  been  employed  for  inoculation  in  the 
human   subject.     The  results   hitherto   reported   have  not  been 
particularly  encouraging.    Haffkine  introduced  in  1897  a  modified 
metliod  by  treatment  Avith  killed  plague  cultures.    Specially  pre- 
pared broth  cultures  of  plague  bacilli,  from  two  to  six  weeks  old, 
were  heated  to  65°  C.  for  an  hour ;  a  small  amount  of  carbolic 
acid  was  then  added,  and  the  vaccine  was  decanted  and  bottled, 
witli  suitable  precautions.    It  was  intended  that  the  first  injection 
of  "prophylactic"  should  be  followed  by  a  second  injection  after 
eicrht  or  ten  days.    Haffkine  obtained  favourable  results  in  Bombay, 
and  in  a  series  of   cases  at   the   Byculla  gaol   his  method  of 
treatment  was  carefully  tested.    Among  inoculated  prisoners  (some 
152)    only   two    cases    of    plague   occurred,   while    among  the 
uninoculated   (some    172),   living  under  the  same  circumstances, 
twelve  were  attacked  and  six  died.    HaftTcine's  prophylactic  has 
during  recent   years  been   somewhat  extensively 
report   of   the   Indian   Plague   Commission   (vol.   v.    1901)  an 
elaborate  critical  study  of  the  results  obtained  is  given  The 
Commissioners  conclude  that  "  inoculation  sensibly  dimimshe-s  the 
incidence  of  plague  attacks  on  the  inoculated  population  but  the 
protection  which   is  afforded   against  attacks   is   not  absolute 
Again    they  find   that  "inoculation   diminishes   the  death-rate 
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among  the  inoculated  population."  They  recommend  that  inocu- 
lations, under  safeguards  and  conditions  to  which  they  refer,  should 
be  encouraged  wherever  possible. 

(d)  By  inocidation  with  material  derived  from  bacterial  cells. 

Such  material  has  been  obtained  by  one  of  two  methods.  In  tlie 
preparation  of  the  original  tuberculin  of  Koch  and  in  that  of  mallein, 
cultures  in  glycerine  broth  were  concentrated  by  evaporation, 
and  the  substances,  mainly  proteids,  thus  extracted  were  subse- 
quently purified  by  precipitation  with  alcohol.  Koch's  tuberculin 
undoubtedly  sets  up  remarkable  local  changes  in  parts  of  the  body 
affected  with  tubercular  mischief.  The  condition  of  hypertemia 
and  reaction  induced  was  thought  of  as  being  likely  to  bring  about 
cure  of  the  disease  ;  the  failure  of  the  remedy,  to  realise  anticipa- 
tions formed  with  regard  to  it,  has  been  attributed  to  the  fact  that, 
in  cases  of  tubercular  mischief,  it  is  not  only  the  tubercle  bacillus 
that  has  to  be  contended  against,  inasmuch  as  streptococci  and 
other  organisms  are  also  present  in  the  diseased  tissues ;  this  is  the 
reason,  it  is  said,  why  tuberculin  has  been  found  not  to  produce 
good  results.  Tuberculin,  has,  however,  been  largely  employed  with 
great  success  as  a  diagnostic  agent  in  cattle.  Healthy  animals  only 
react  to  large  doses ;  if  the  dosage  therefore  be  carefully  regulated, 
it  is  possible  to  detect  the  presence  of  disease  by  the  fact  that  there 
is  greater  susceptibility  to  inoculation  in  the  affected  animals.  If 
the  injection  of  half  a  cubic  centimetre  of  tuberculin  in  a  cow,  kept 
Tinder  appropriate  conditions,  is  followed  by  a  greater  rise  of 
temperature  than  1°  C,  the  animal  is  almost  certainly  tuberculous. 
At  first  the  test  was  found  unreliable,  but  increase  in  knowledge,  as 
to  the  conditions  which  should  be  observed  in  employing  it,  has  led  ta 
the  attainment  of  very  precise  results.  Mallein,  made  from  cultures 
of  glanders  bacilli,  by  a'  similar  process  to  that  adopted  in  the 
preparation  of  tuberculin  from  tubercle  bacilli,  has  been  employed 
as  a  diagnostic  agent  in  cases  of  suspected  glanders.  Its  use  has  not 
been  attended  with  quite  that  degree  of  sucdfess  which  has  been 
attained  with  tuberculin. 

The  second  of  the  two  methods  above  referred  to  is  that  employed 
by  Koch  for  the  manufacture  of  his  tuberculin  (T.  R.)  introduced  in 
1897.  In  this  method  the  bacilli  are  dried,  powdered,  and  extracted 
with  distilled  water;  the  residue  ("rest,"  whence  the  name  T.  E. 
"  tuberculin  rest "),  is  again  subjected  to  similar  treatment  to  tliat 
already  mentioned.  Koch  obtained  with  this  new  tuberculin 
favourable  results  witli  regard  to  innnunisation  and  cui-e  of 
animals,  but  the  remedy  has  not  been  found  satisfactory  in  the 
case  of  tuberculosis  in  man. 
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(e)  By  injection  of  toxine. 

The  fact  tliat  immunity  can  be  brouglit  about  by  injection  of 
cultures,  from  which  the  orf^anisnits  ha^'e  been  renio%  ed  hy  filtration, 
was  first  demonstrated  in  1886  by  Salmon  and  Smith,  in  the  case 
of  a  disease  known  as  hog  cliolera,  and  similar  results  were  later 
obtained  in  other  forms  of  disease.  The  method,  however,  attained 
special  prominence  in  connection  with  development  of  knowledge 
concerning  the  specific  toxines  of  diphtheria  and  tetanus,  and 
particularly  after  the  remarkable  discoveiy  Avas  made  b}'  Beliring 
in  1890,  that  tlie  serum  of  an  animal  immunised  hy  repeated 
injection  of  toxine  is  possessed  of  definite  antitoxic  properties. 
This  discovery  opened  up  a  new  field  of  inquiry,  leading,  as  it 
did,  to  the  production  of  immunity  by  the  passive  method  and  to 
study  of  the  whole  question  of  serum  thei'apeutics. 

The  specific  toxine,  which  the  researches  of  Roux,  Brieger,  and 
Frankel  have  shown  can  be  obtained  by  precipitation  from  cell- 
free  cultures,  and  which  is  capable  of  producing,  in  susceptible 
animals,  the  special  symptoms  of  diphtheria  or  tetanus,  and  of 
rendering  them,  after  rejjeated  doses,  increasingly  immune  against 
its  own  operation,  was  found  to  give  the  reactions  of  albuminous 
substances.  Doubt  has  been  raised,  however,  as  to  the  precise 
nature  of  the  toxine.  On  the  one  hand,  recent  researches  lia-ve 
led  to  the  conclusion  that,  as  it  appears  to  diffuse  through  a 
colloid  membrane,  it  is  allied  to  albumose,  while  antitoxine,  wliich 
does  not  diffuse,  is  said  to  be  a  globulin-like  body.  On  the  other 
hand,  Brieger  has  expressed  the  view  that  diphtheria  toxine  is 
not  an  albuminous  body  at  all.  Question  has  been  raised  again 
.as  to  whether  the  toxine  alone  is  concerned  in  the  production  of 
immunity.  Ehrlich  has  found  that  cultures  devoid  of  toxic 
properties  can  nevertheless  produce  immunity,  and  lie  concludes, 
therefore,  that  modified  toxines,  which  he  calls  toxones  and  toxoids, 
are  also  operative. 

The  passive  method  of  producing  immunity.— Antitoxic  serum 
was  first  obtained,  in  the  case  of  diphtheria,  by  Behring  in 
1890.  Behring  and  Kitasato  shortly  afterwards  showed  that 
analogous  phenomena  were  demonstrable  as  regards  tetanus. 
Ehrlich  and  others  obtained  similar  results  by  inoculation  of 
vegetable  toxines,  ricin,  abrin,  and  robin.  Experiments  made  with 
a  view  to  the  employment  of  antitoxic  serum  in  plague  have 
already  been  referred  to.  The  attempts  to  obtain  such  sera  in 
cholera  and  enteric  fever  have  not  yielded  very  encouraging  results, 
nor  have  the  efforts  to  manufacture  antitoxic  sera  in  the  case  of 
pneumonia,  and  in  streptococcus  and  staphylococcus  infections,  been 
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decisively  successful.  Calmette  and  others  have  endeavoured  to 
practise  antitoxic  treatment  in  snake-poisoning.  Calmette  found 
that  to  a  certain  extent  antitoxic  action  could  be  produced ;  a 
serum  protecting  against  one  kind  of  venom  was,  however,  also 
protective  against  otlier  kinds,  and  thus  the  antitoxine  is  not  specific 
in  the  same  sense  as  in  the  cases  of  diphtheria  and  tetanus.  No 
success  has  hitherto  attended  the  attempt  to  apply  antitoxic  treat- 
ment in  tuberculosis.  In  swine  erysipelas  a  kind  of  combination 
of  the  active  and  passive  methods  has  been  found  of  value.  In 
cattle  plague  the  use  of  bile,  and  that  of  serum  and  infected  blood, 
have  been  tried.  The  nature  of  the  immunity  produced  in  the 
forriier  case  is  uncertain  ;  in  the  latter  a  true  antitoxic  serum  appears 
to  have  been  obtained.  In  tetanus  no  good  result  is  yielded  unless 
the  antitoxine  is  used  quite  early,  and  the  practical  value  of  this 
form  of  treatment  has  not  therefore,  in  this  disease,  been  found  to 
be  great. 

In  diphtheria,  liowever,  antitoxic  treatment  has  produced 
unmistakably  beneficial  results.  Extensive  trial  of  the  method  in 
Germany,  in  this  country,  and  elsewhere,  has  been  attended  not 
only  with  marked  diminution  of  mortality  from  the  disease— this 
fact  might  find  explanation  in  variation  of  type  of  the  malady, 
or  possibly  in  other  directions,— but  it  has  been  ascertained  that, 
comparing  instances  in  which  the  treatment  has  been  commenced 
on  tlie  first,  second,  third,  etc.,  days  of  illness,  the  statistical 
results  tell  greatly  in  favour  of  antitoxine.  Cases  in  which  the 
treatment  has  been  adopted  at  an  early  stage  show  comparatively 
insignificant  mortality  rates,  and  the  longer  the  interval  which  has 
elapsed,  before  antitoxine  has  been  brought  upon  the  scene,  the 
less  has  been  found  to  be  the  chance  of  recovery. 

The  serum  used  is  an  antitoxic,  not  an  antimicrobic  serum.  It 
inhibits  the  action  of  toxine,  and  thus  gives  opportunity  for  the 
natural  powers  of  resistance  of  the  body  to  come  into  play  and  to 
Ijring  about  destruction  of  the  invading  microbes.  It  may  be  noted 
that  in  both  diphtheria  and  tetanus  the  development  of  the  bacilli 
is  mainly  local,  and  that  it  is  the  toxines  produced  which  gain 
access  to  the  general  circulation,  and  cause  the  main  symptoms  of 
illness.  The  fact  tliat  toxic  diseases,  as  distinguished  from  what  are 
sometimes  called  septicjemic  diseases  (in  which  the  organisms  invade 
the  bleod),  are  in  question,  may  explain  why  it  is  that,  in  the  case  of 
diphtheria  and  tetanus,  antitoxic  treatment  has  been  particularly 
successful. 

Diplitheria  antitoxine  is  obtained,  according  to  Behring's  method, 
by  inoculating  horses  with  toxine  of  progressively  increasing  strength. 
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At  first  carboHsed  cultures,  to  which  iodine  terchloride  lias  been 
added,  are  used  ;  ultimately  toxine,  the  virulence  of  which  is  unat- 
tenuated,  is  employed.  Horses  bear  the  treatment  well,  and  serum 
is  I'eadily  obtainable  from  them.  The  immunisation  value  of  the 
serum  obtained  requires  to  43e  carefully  estimated.  According  to  one 
method,  that  of  Behring,  a  normal  toxine,  -01  c.c.  of  which  will  kill 
a  guinea-pig  of  260  to  300  grammes  weight  within  five  days,  is 
prepared,  and  the  serum  is  standardised  against  this.  If  "1  c.c.  of 
serum  neutralises  1  c.c.  of  normal  toxine,  then  each  c.c.  of  serum  is 
said  to  contain  one  immunisation  unit.  According  to  another,  the 
French  method,  the  weight  of  the  guinea-pig  used  in  the  experiment 
is  carefully  taken  into  account,  and  the  quantity  of  serum  required 
to  protect  the  animal  against  inoculation  with  ten  times  the  lethal 
dose  of  toxine  is  determined.  The  proportion  borne,  by  this  amount, 
to  the  total  body-weight  of  the  guinea-pig,  is  used  to  express  the 
value  of  the  serum.     Thus  a  serum  with  the  immunising  value 

10,000  is  of  such  strength  that  a  weight  of  serum   ^  th  of  the 

10,000 

weight  of  a  particular  guinea-pig  will  protect  that  animal  against 
ten  times  the  lethal  dose  of  toxine.  Ehrlich  introduced  a  third 
method,  in  which  antitoxine,  obtained  by  evaporating  serum,  is  used 
as  the  standard.  By  this  device  the  difficulty  incidental  to  the  ten- 
dency, of  antitoxine  and  toxine  in  soluble  form,  to  A'ary  in  strength 
was  obviated ;  for  it  was  found  that  the  dry  antitoxine  afibrded  a 
reliable  means  of  standardising  any  particular  serum  wliich  might  be 
in  question.  Adopting  Ehrlich 's  method  of  indicating  the  strength 
of  serum,  200  units  represent  an  immunising  dose,  while  from  600  to 
1,500  or  more  units  may  be  used  for  a  curative  dose,  according  to  the 
severity  of  the  case,  and  the  stage  of  the  disease  at  which  the  treat- 
ment is  commenced. 

Origin  and  Action  of  Antitoxine. — There  has  been  much  .specula- 
tion as  to  the  mode  of  production  of  antitoxine,  and  as  to  the 
cause  of  its  antagonism  to  toxine.  With  regard  to  the  latter,  the 
action,  it  was  said,  could  not  be  explained  on  the  supposition  that 
antitoxine  is  a  mere  chemical  antidote  to  toxine,  for  the  reason  that 
discrepancies  are  apt  to  be  observed  in  the  quantitative  results 
'  obtained,  and  a  mixture  of  the  two  substances,  which  is  neutral  when 
tested  on  one  kind  of  animal,  may  produce  fatal  disease  in  another 
species.  It  was  therefore  suggested  by  Roux  that  the  antitoxine 
acted  upon  the  living  cells  of  the  body,  rendering  them  immune  to 
toxine,  and  producing  a  phy.siological  as  opposed  to  a  ciiemical 
neutralisation. 

Ehrlich,  however,  from  his  experiments  with  ricin,  concluded 
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that  as  the  reaction  between  toxine  and  antitoxine  ^^"as  acdentu- 
atecl  and  diminislied,  by  the  factors  which  bring  about  'siinilai- 
modifications  in  chemical  reactions,  (warmth  accelerating,  cold  retard- 
ing, and  the  reaction  being  more  rapid  in  concentrated  than  in  dilute 
solutions),  it  was  essentially  of  the  same  nature.  He  explained  the 
observed  fact  that  varying  amounts  of  toxine  bouillon  are  neutralised 
by  one  immunity  unit  of  antitoxine,  on  tlie  hypothesis  that  the 
toxine  contains  two  constituents,  or  combined  groups,  the  one  very 
stable,  the  other  unstable.  The  aifinity  of  the  toxine  for  antitoxine 
is  dependent  on  the  former  or  "  haptojDhore  "  group  (from  a  Greek 
word  meaning  to  fasten  on  or  to  fix) ;  the  unstable  group  is  styled 
*'  toxophore."  On  this  hypothesis  the  toxic  action  on  animals,  and 
the  combining  capacity  with  antitoxine,  are  two  different  functions 
of  toxine,  and  the  former  may  be  weakened  while  the  latter  reinains 
constant.  Thus,  Avhen  Ehrlich  inA^estigated  the  neutralisation  point 
of  toxine  and  antitoxine,  for  one  and  the  same  sample  of  poison,  he 
obtained  the  following  results : — "  Immediately  on  its  preparation, 
fresh  from  the  incubator,  it  was  found  that  one  immunity  unit 
neutralised  a  c.c.  of  toxic  bouillon,  and  this  quantity  represented  /3 
simple  lethal  doses.  When  the  same  toxic  bouillon  Avas  examined, 
after  a  considerable  interA'al,  the  remarkable  fact  Avas  discoA-ered  that 
exactly  a  c.c.  of  the  toxic  bouillon  Avere  again  neutralised  by  one 
immunity  unity ;  but  that  these  a  c.c.  noAv  represented  only  /3- — 
simple  lethal  doses."  If  the  toxophore  grouj)  is  altogether  destroyed 
and  the  other  group  is  retained,  a  modification  of  toxine,  Avhich 
Ehrlich  calls  "toxoid"  or  "  toxone "  results,  and  this  toxoid  or 
toxone  is  l^apable  of  neutralising  antitoxine,  although,  ^jp?-  .sp,  it 
possesses  no  toxic  property. 

The  question  now  arose  Avhether  tlie  liaptophore  group,  Ax'hicli 
accounted  for  the  capacity  of  the  toxine  molecule  to  enter  into 
combination  Avith  other  bodies,  Avas  itself  in  any  Avay  concerned  in 
the  causation  of  symptoms  of  illness.  Having  in  vieAv  the  fact 
"  that  chemical  substances  are  only  able  to  exercise  an  action  6n  the 
tissue  elements  Avith  Avhich  they  are  able  to  establish  an  ihtimate 
chemical  relationship,"  Ehrlich  realised  tlie  importance  of  discoA'ering 
upon  which  of  these  elements  the  toxines  operate,  but  inasmuch  as 
knowledge  of  distribution  in  the  body  of  common  cliemical  sub- 
stances, administered  as  drugs,  is  very  imperfect,  he  thought  it 
might  have  been  assumed  priori  to  be  "  very  unlikelj^  that  eflbrts 
directed  to  locating  the  toxines,  which  are  potent  in  the  slightest 
traces,  and  which  are  bodies  we  have  no  means  of  rendering'  per- 
ceptible to  our  senses,  Avould  be  anything  else  than  absolutely 
without  result."  ■•  •  ■ 
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The  experiments  of  Donitz,  however,  threw  liglit  on  tliis  matter. 
This  observer  estimated  the  amount  of  antitoxine  which  must  be 
injected  intravenously,  iunnediitteljr  after  inocuhition  witli  diph- 
theria or  tetanus  toxiue,  in  order  to  neutralise  the  effect.  Donitz 
found  that  if  an  interval  was  allowed  to  elapse  the  rieutralisin^c 
dose  was  inoperative ;    "  the  minimal  lethal  dose  of  toxine  liad 
passed  through  the  walls  of  the  vessels,  and  had  been  taken  up  Vjy 
the  tissues."    On  increasing  the  amount  of  antitoxine,  the  toxine 
held  in  the  tissues  could  be  withdrawn  from  them  ;  the  longer  the 
interval  allowed  to  elapse,  however,  the  gi-eater  the  amount  of  anti- 
toxine required,  and,  after  a  definite  period  had  been  exceeded,  ieven 
the  largest  doses  of  antitoxine  were  impotent.    The  property  of 
being  able  to  withdraw  toxine,  once  deposited  in  the  central  nervous 
system,  was  manifested  by  the  specific  antitoxine,  and  by  it  alone  ; 
hence  the  conclusion  appeared  irresistible,  "  that  the  union  between 
the  toxine  and  the  tissues,  which  could  only  be  overcome  by  means 
of  a  specifically  related  antagonising  agent,  must  itself  depend  on  a 
chemical  combination."    In  other  words,  the  central  nervous  system, 
or  certain  ganglion  cells  in  it,  must  possess  atom  groups  resembling 
those  of  antitoxine  in  having  a  maximum  affinity  for  tetanus  poison. 
Donitz  found  that  the  tetanophile  atom  groups  in  the  guinea-pig 
were  confined  to  the  central  nervous  system;  but  that  in  rabbits 
tliey  were  also  present  in  other  organs.    In  correspondence  with  this 
fact,  Roux  found  the  same  dose  of  tetanus  was  lethal  in  guinea-pigs, 
whether  it  was  given  by  intracerebral  or  subcutaneous  injection ;  but  in 
rabbits  tlie  lethal  dose  was  twenty  times  greater  subcutaneously  than 
it  was  in  intracerebral  injection.    In  subcutaneous  injection  in  the 
rabbit,  therefore,  the  absorption  of  toxine  by  toxophile  groups, 
present  in  organs  other  than  the  brain,  was  so  considerable,  that 
of  twenty  parts  only  one  part  found  its  way  into  union  with  the 
nervous  system.    Thus  the  "  possession  of  a  toxophile  group  by  a 
cell  is  the  necessary  preliminary  and  cause  of  the  poisonous  action 
of  the  toxine."    If  the  cells  possess  no  such  group  the  toxophore 
group  cannot  become  fixed  to  the  cell,  which  therefore  suffers  no 
injury — i.e.,  the  organism  is  naturally  immune. 

By  considerations  of  the  kind  which  have  now  been  detailed, 
Ehrlich,  in  1897,  was  led  to  announce  what  is  known  as  the 
«  Seitenkette,"  or  "  Side-chain "  theory,  in  explanation  of  the 
phenomena  of  antitoxine  formation.  He  concluded  that  antitoxine 
was  the  substance,  entering  into  the  composition  of  certain  kinds  of 
protoplasm,  wliich  caused  tlie  cells  containing  it  to  be  susceptible  to 
the  action  of  toxine.  This  substance,  he  argued,  does  not  enter  into 
the  composition  of  the  functioning  centre  of  the  cell,  but  is  an 
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.•ittaelied  "  side-chain  "  of  atoms — the  term  being  adopted  from  the 
nomenclature  of  organic  chemistry.  The  side-chains  he  held  to  bo 
normally  nutritive  in  function,  attaching  to  themselves  foodstufls 
important  in  the  cell  economy ;  but  they  might  incidentally  be 
"toxophile."  The  idea  that  tliey  are  specially  designed  to  seize 
upon  toxines  could  not,  of  course,  .be  entertained  ;  it  would  be 
superfluous,  as  Ehrlich  remarks,  to  suppose  that  "  all  our  native 
animals  possess  in  their  tissues  atomic  groups  deliberately  adapted  to 
unite  witli  abrin,  ricin,  and  crotin,  substances  coming  from  the  far 
distant  tropics  " ;  but  by  chance,  as  it  were,  these  toxophile  groups 
may  possess  the  capacity  of  anchoring  themselves  to  this  or  that 
toxine.  Ehrlich  notes  a  distinction  between  toxines  related  to 
proteids — which  it  is  not  surprising,  therefore,  should  possess  a  hapto- 
phore  group  corresponding  to  that  of  a  food-stuff,  and  in  the  case  of 
M-hich  aittitoxine  formation  has  been  in  some  instances,  as  a  matter  of 
fact,  demonstrated — and  alkaloids  and  other  poisons  in  connection 
with  which  similar  phenomena  have  not  been  observed.  The  fixa- 
tion, Avhether  it  be  of  normal  food-stuff  or  of  toxine,  is,  however,  of 
a  specific  character;  Ehrlich  suggests  the  analogy  of  the  male  and 
female  screw,  or  of  lock  and  key,  as  throwing  light  on  the  manner 
of  adaptation  to  one  another,  of  the  groups  of  atoms  in  the  side- 
chains  and  in  the  haptophorous  constituents  of  toxine. 

Thus,  the  side-chain  theory  assumes  that  the  molecule  of  toxine  is 
possessed  of  two  groups  of  atoms  ;  by  means  of  the  one,  the  hapto- 
phorous group,  the  toxine  becomes  "anchored"  to  the  side-chains  of 
the  protoplasm  of  susceptible  cells,  and  then  the  latter,  the  toxo- 
phorous  group  of  atoms,  is  able  to  set  up  in  the  protoplasm 
characteristic  disturbances.  The  side-chains  being  destroyed,  are 
reproduced  by  the  protoplasm,  and  they  may  be,  and  commonly 
are,  reproduced  in  excess  ("  over-compensation  "),  and  are  then  trans- 
ferred to  and  accumulate  in  the  general  circulation.  If  this  be  the 
case  a  condition  of  immunity  results,  for  the  side-chains  "  anchor  " 
any  haptophorous  groups  of  the  toxine  which  may  be  inti'oduced  into 
tlie  blood,  and  the  groups  so  anchored  are  deprived  of  any  oppor- 
tunity of  obtaining  access  to  susceptible  cell-protoplasm  (Croonian 
Lecture  "  On  Immunity  with  Special  Reference  to  Cell  Life,"  Proc. 
of  Roj/al  Society,  vol.  Ixvi.  No.  432).  Wassermann  has  shown 
that  tetanus  poison  can  be  anchored  to  the  brain  substance  of 
guinea-pigs,  by  demonstrating  that  on  mixing  the  toxine  with 
broken-down,  fresh,  guinea-pig's  brain-substance,  the  surrounding 
fluid  is  toxine-free,  while  the  brain  charged  with  toxine  has  also 
lost  all  poisonous  property. 

The  "  Seitenkette "  theory  serves  to  explain  many  of  the  phe- 
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nomena  of  antitoxine  production.  It  has  been  urged  that  it  does 
not  so  satisfactorily  exphiin  the  action  of  sera  whicli  possess 
antimicrobic  as  opposed  to  antitoxic  properties.  Here,  as  J^hrlich 
says,  the  phenomena  are  much  more  complex,  for  in  addition  to 
antitoxine  many  reaction  products,  the  numerous  "  antibodies  "  pi-o- 
duced  by  the  life  and  growth  in  the  body  of  bacteria,  are  gene- 
rated. He  refers,  for  example,  to  the  "  bacteriolysines,"  which 
break  up  bacteria,  to  "  coagulines,"  which  cause  precipitation  of 
albuminous  bodies  in  the  culture  fluid,  to  the  "  agglutinines,"  and 
to  the  bodies  which  have  been  termed  "  antiferments."  The 
organism,  as  has  been  already  noted,  is  capable  of  forming  anti- 
substances,  not  only  after  injection  with  toxine,  and  witli  Ijacterial 
cultures,  but  also,  as  in  haemolysis,  when  foreign  red  corpuscles  are 
inoculated.  Again,  similar  phenomena  have  been  observed  after 
inoculation  Avith  other  kinds  of  cells  foreign  to  the  body,  ciliated 
epithelium,  spermatozoa,  etc.  The  production  of  these  "  cyto- 
toxines,"  as  the  result  of  the  introduction  of  foreign  cells,  has 
been  studied  by  Metchnikoff  and  others,  who  have  shown  that,  on 
treatment  of  animals  with  such  cells,  their  serum  acquires  the  ability 
to  destroy  the  particular  cells  employed. 

It  has  been  thought  that  these  phenomena  are  best  explained  on 
the  supposition  that  the  anti-substances  are  really  modified  forms 
of  the  foreign  poisons,  deprived  of  all  poisonous  property.  Ehrlich, 
however,  has  contended  that  his  side-chain  theory  affords  explana- 
tion of  the  production  of  anti-substances  {Antikdiyer)  in  the  blood  ; 
such  bodies  may,  he  points  out,  exist  in  normal  blood,  just  as 
diphtheria  antitoxine  may  exceptionally  be  present  in  the  blood  of 
normal  horses  or  in  that  of  man.  These  anti-substances  represent, 
he  argues,  nutritive  side-chains  which  have  been  developed  in 
excess  and  pushed  off  into  the  circulation. 

In  explanation  of  Pfeiffer's  phenomenon,  as  already  noted,  it  had 
been  suggested  that  in  addition  to  the  specific  stable  "  immune 
body "  there  must  also  be  operative  a  highly  unstable  "  com- 
plement." Similarly  in  hasmolysis  the  existence  of  two  sucli  factors 
is  assumed  by  Ehrlich,  but  he  now  distinguishes  between  two 
kinds  of  affinity  manifested  by  the  "immune  body."  By  cen- 
trifugalising  blood  at  0°  C.  the  immune  body  was  found  to  be 
attached  to  the  corpuscles,  while  the  complement  remained  in  the 
serum,  and,  on  admixture  of  the  two  cotaponents,  in  the  presence  of 
blood  corpuscles,  htemolysis  was  shown  to  occur  at  higher  tempera- 
tures, but  not  at  0°  C.  Hence  Ehrlich  concludes  that  the  specific 
immune  body  is  possessed  of  two  haptophore  groups— one  havnig 
affinity  for  a  corresponding  group  in  the  red  blood  corpuscles,  the 
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union  taking  place  at  low  temperatures ;  the  other  uniting  with  the 
comple.ment,  this  union  only  occu-rring  at  higher  temperatures. 

If  a  proteid  molecule  be  fixed  by  a  cell,  "  there  is  provided  one 
of  the  conditions  essential  for  cell  nourishment  " ;  if  it  is  to  be 
utilised,  however,  ferment-like  material  must  be  taken  up,  Avhicli 
will  split  the  complex  molecule  into  smaller  fragments.  Arguing 
from  the  analogy  presented  by  the  tentacles  of  the  sun-dew,  Drosera, 
which  secrete  a  proteid-digesting  fluid,  it  may  be  presumed  that 
there  are  "  side-chains  of  a  special  nature  so  constituted  that  they 
are  endowed  not  only  with  an  atomic  group,  by  virtue  of  the  affini- 
ties of  which  they  are  enabled  to  pick  up  material,  but  also  Avith  a 
second  atomic  group,  which,  being  ferment-loving  in  its  nature, 
brings  about  the  digestion  of  the  material  taken  up."  Side-chains 
thus  constituted,  if  pushed  off  in  the  process  of  immunisation,  would 
correspond  with  those  which  have  been  assumed  to  exist  in  the 
immune  body  of  the  hsemolysine. 

"  In  this  manner,"  says  Ehrlich,  "  is  simpl}^  and  naturally  ex- 
plained the  astonishingly  specialised  arrangement  that,  through  the 
introduction  of  a  definite  bacterium  into  the  body,  something  is 
produced  Avhich  is  endowed  with  the  power  of  destroying,  by  solu- 
tion, the  bacterium  which  was  administered,  and  no  other.  This 
contrivance  of  the  organism  is  to  be  regarded  as  nothing  more  than 
a  repetition  of  a  process  of  normal  cell-life,  and  the  outcome  of 
primitive  wisdom  on  the  part  of  the  protoplasm." 

In  bacteriolysis  the  immune  bodies  may,  it  has  been  suggested,  be 
identified  with  the  substances  which  produce  agglutination  ;  it  is 
at  any  rate  clear  that  "  agglutinines,"  like  the  immune  bodies,  resist 
a  temperature  of  58°  C,  and  that  they,  again  like  the  immune 
bodies,  have  a  special  afiinity  for  the  sheaths  of  bacteria. 

An  important  observation  has  been  made  by  Ehrlich,  to  the  effect 
tliat  immunity,  as  regards  ricin  and  abrin  poisoning,  is  transferred 
in  the  process  of  suckling  ;  and  a  similar  result  has  been  obtained  in 
tlie  case  of  tetanus.  Antitoxine  has,  moreover,  been  actually  shown 
to  be  present  in  milk.  Ehrlich  suggested  that  herein  explanation 
may  be  forthcoming  of  the  fact  that  infai^ts  enjoy  a  special 
immunity  from  measles,  scarlatina,  etc.,  diseases  which  particularly 
attack  children  after  the  first  year  or  two  of  life. 


CHAPTER  IX. 


INFECTIOUS  DISEASES. 

Actinomycosis. — The  history  of  this  disease  may  be  said  to 
date  from  1876,  when  its  occurrence  in  cattle  was  first  drawn  atten- 
tion to  by  Bollinger.  In  1877,  Israel  described  the  disease  in  man ; 
in  1878  the  parasite  concerned  was  named  by  Harz  the  actinomyces  or 
"  ray  fungus."  The  malady  is  by  no  means  a  new  one,  as  is  made  clear 
from  accounts  of  earlier  date  of  "  wooden  tongue."'  Cattle  are  .said 
to  be  often  affected  in  Austria,  Germany,  Italy,  Russia,  and  Nortli 
America  ;  in  some  abattoirs  on  the  Continent'  the  disease  was  present 
in  one  form  or  another  in  as  large  a  proportion  as  2  per  cent,  of  the 
cattle  slaughtered.  In  England  in  certain  herds  an  appreciable 
percentage  of  the  animals  proved  on  examination  to  be  affected. 
Swine  and  horses  are  occasionally  attacked.  In  man  the  disease  is  far 
less  common.  Some  450  cases  in  the  human  subject  were  placed  on 
record  between  1879  and  1892,  most  of  them  during  the  later  years 
of  that  period. 

The  malady  is  inoculable,  but  does  not,  as  a  rule,  spread  from  one 
animal  to  another.  The  mammary  gland  is  occasionally  involved, 
and  it  has  been  thought  that  milk  might  serve  as  the  medium  of 
infection,  but  there  is  no  evidence  that  this  is  the  case.  It  has  been 
suggested  that  contaminated  grasses  constitute  a  possible  source  of 
mischief,  and  it  has  been  stated  that  if  grain  be  inoculated,  tlie 
plant  which  develops  is  infected  Avith  actinomyces,  and  the  .sharp 
awms  of  barley,  etc.,  if  contaminated,  on  being  eaten  by  an  animal, 
would  be  specially  likely  to  convey  infection,  by  scratching  or  pene- 
trating the  mucous  membrane  of  tlie  alimentary  tract.  This  theory 
is  supported  by  the  fact  that  material  recognisable  as  being  of 
vegetable  origin  has  been  found  within  actinomycotic  growths. 
Again,  the  majoi-ity  of  the  recorded  cases  have  occurred  in  farmei-s, 
labourers,  grooms,  millers,  and  others,  wlio  by  the  nature  of  their 
work  have  been  brought  in  contact  with  gi-ain. 

Actinomycosis  runs  a  chronic  course,  and  its  nature  is  apt  to  be  over- 
looked ;  the  case  may  be  regarded  as  one  of  tubercular  disease  of  the 
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jaw  (othei*  bones  may  be  the  seat  of  mischief,  but  the  lower  jaw 
is  involved  in  the  majority  of  instances),  or  of  chronic  abccss 
or  "  tumour "  (in  the  liver  or  other  viscera),  or  of  peritonitis, 
empyema,  or  phthisis.  In  cattle  the  tongue  is  specially  aftected. 
On  careful  examination  of  material  from  an  actinomycotic  growtli, 
minute  yellow  granules  can,  as  a  rule,  be  detected,  and  if  one  of 
these  be  squeezed  out,  stained,  and  examined  under  the  micro- 
scope, the  arrangement  of  the  fungus  as  a  mycelial  network,  from 
which  radiate  filaments  possessing  characteristic  club-shaped  peri- 
pheral extremities,  can  be  demonstrated!  The  grains  can  be  trans- 
planted and  cultures  made.  (Glycerine-agar  is  specially  adapted  for 
the  purpose.)  In  artificial  media  the  "  clubs  "  are  not,  as  a  rule, 
found.  The  botanical  position  of  actinomj^ces  has  been  much 
discussed.  The  fungus  is  generally  regarded  as  belonging  to  the 
streptothrix  group,  and  it  presents  a  close  similarity  to,  if  it  be  not 
identical  with,  the  fungus  of  Madura  foot. 

■  i 

Anthrax. — Outbreaks  of  this  disease  afi"ect  cattle,  sheej),  swine, 
horses,  camels,  and  goats,  and  occasionally  occur  in  man.  The 
malady  was  found  to  prevail  in  this  country  in  1891  among  deer. 
Little  was  accurately  known  concerning  anthrax  until  the  end  of  the 
eighteenth  centur}'^,  when  it  was  found  that  it  occasionally  occurred 
in  men  who  had  been  engaged  in  the  manipulation  of  hair,  wool,  etc. 
In  1849  the  anthrax  organism  w^as  first  observed  by  Pollender,  and 
Davaine,  some  years  later,  showed  that  the  bacillus  was  the  actual 
cause  of  the  disease.  In  1876  and  subsequent  years,  Koch  greatly 
extended  knowledge  concerning  the  life-history  of  the  organism. 
In  1863  deaths  begin  to  appear  in  the  Registrai--Generars  •  returns 
under  the  heading  "malignant  pustule."  Since  1881  all  anthrax 
deaths  in  those  returns  are  classed  as  instances  of  "  splenic  fever," 
and  their  number  has  varied  from  three  or  four  up  to  some 
eighteen  or  twenty  annually. 

In  cattle  the  disease  is  generally  referred  to  as  "splenic  fever," 
marked  enlargement  of  the  spleen  being  a  conspicuous  feature 
of  the  malady.  On  the  Continent  outbreaks  in  cattle  have 
been  frequently  observed  —  in  France,  Germany,  Russia,  and 
Italy, — and  accounts  of  anthrax  prevalence  among  lower  animals 
have  been  forthcoming  from  Persia,  India,  Siberia,  Cliina,  and 
parts  of  Africa  and  Nortli  and  Soutli  America.  Animals  appear 
to  acquire  the  disease,  as  a  rule,  by  infection  from  the  alimentary 
tract,  possibly  also  by  inhalation.  The  infective  property  seems 
to  be  imparted  to  fields  and  pastures  by  contamination .  with 
the  blood,   secretions,   and  excretions  of  infected  animals,  and 
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it  is  said  that  the  danger,  incidental  to  grazing  upon  such 
pastuws,  is  particul9.rly  great  when  the  surface  soil  has  become 
thoroughly  warmed,  and  wlien  certain  conditions  as  regards  moisture 
obtain.  Pasteur  tliought  it  likely  that  spores  were  Ijrought  to  the 
surface  by  earth-worms,  but  it  lias  been  shown  that  spores  are  not 
formed  when  the  carcases  of  infected  animals  are  buried  without 
being  opened.  The  Board  of  Agriculture  has  compiled,  since  1887, 
returns  showing  the  numbei-  of  anthrax  outbreaks  affecting  cattle, 
sheep,  swine,  and  (since  1893)  horses  in  the  counties  of  Great 
Britain.  In  1887,  236  outbreaks  (636  animals  attacked)  occurred, 
and  the  numbers  have  fairly  steadily  augmented  until,  in  1898,  556 
outbreaks  (856  animals  attacked)  were  reported.  The  increase  is 
doubtless  due,  in  the  main,  rather  to  greater  accuracy  of  diagnosis 
than  to  more  extended  prevalence  of  the  malady. 

Beference  has  already  been  made  {See  p.  70)  to  outbreaks  occurring, 
among  Avorkers  engaged  in  the  manipulation  of  animal  products; 
the  extent  to  Avhich  hides,  skins,  hair,  and  wool,  which  have  become 
smeared  witli  blood  or  discharges,  are  capable  of  retaining  the 
property  of  being  able  to  transmit  infection,  is  not  a  little  remark- 
able. On  tabulating  the  recorded  cases  of  anthrax,  occurring  in 
London  and  its  neighbourhood  between  1873  and  1896,  it  transpired 
that  148  cases  of  the  disease  had  been  recognised  during  those  years  : 
of  these  108  occurred  among  persons  engaged  in  the  liide  and  skin 
trade,  5  among  persons  engaged  in  slaughtering  animals,  18  in  con- 
nection with  the  manipulation  of  horsehair  or  the  manufacture  of 
brushes,  1  case  occurred  in  an  individual  employed  in  a  bacteriological 
laboratory,  and  16  cases  under  circumstances  in  which  the  source 
of  infection  was  not  traceable. 

In  1895,  cases  of  anthrax  contracted  in  any  factory  or  workshop 
were  made  compulsorily  notifiable  to  H.M.  Chief  Inspector  of 
Factories.  In  1896,  17  cases;  in  1897,  23  cases;  in  1898,  28 
cases;  in  1899,  55  cases;  in  1900,  37  cases;  and  in  1901,  39  cases 
were  so  notified.  The  increase  in  the  later  years  probably  represents 
greater  accuracy  in  notification  rather  than  growing  prevalence 
of  disease.  It  is  noteworthy  that  in  several  of  the  cases  reported  m 
London  of  late  years  persons  who  have  manipulated  goat-skins  have 
suffered,  and  there  is  a  remarkable  tendency  for  such  attacks  (and 
the  same  thing  has  been  observed  in  cases  associated  with  horsehair, 
and  with  liides)  to  occur  in  groups,  and  in  connection  with  the 
manipulation  of  particular  consignments  of  goods.  Careful  study 
of  the  origin  of  infecting  material  is  obviously,  therefore,  necessary, 
and  special  precautions  should  be  taken  in  all  instances  in  which 
material   from   a   source   which  is  under   suspicion    has   to  be 
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manipulated.  If  the  products  dealt  with  present  any  unusual 
appearance,  suggestive  of  the  fact  that  "  dead  hides "  or  specially 
contaminated  horsehair,  etc.,  possibly  containing  anthrax  spores,  are 
in  que-stion,  the  need  for  such  precautions  is  particularly  obvious. 

Experiments  have  been  carried  out  of  late  years  in  Germany,  with 
a  view  to  determining  whether  it  is  practicable  to  apply  steam  disin- 
fection in  connection  with  horsehair,  and  a  translation  of  a  report  by 
Dr.  Kiibler,  of  the  German  Health  Office,  upon  this  subject  appears  in 
the  Annual  Report  for  1900  of  H.M.  Chief  Inspector  of  Factories. 
It  is  noteworthy  that  certain  horsehair  manufacturers  in  London,  in 
1899,  resolved  "to  buy  no  Russian,  Siberian,  or  Chinese  undyed 
mane  hair  until  satisfactory  guarantees  liad  been  given  by  the  seller? 
that  the  hair  had  been  thoroughly  disinfected."  A  circular  letter 
was  addressed  to  occupiers  of  horsehair  Avorks  in  1900,  indicating 
means  whereby  risk  of  anthrax  to  operatives  might  be  diminished 
{See  p.  113  of  the  Annual  Report  already  referred  to).  With  regard 
to  hides  and  skins,  Mr.  Spear  first  pointed  out  that  it  might  be 
possible,  in  the  process  of  "  curing,"  to  cause  any  attached  spores  to 
germinate  into  the  easily-destructible  rods.  In  this  connection  the 
rarity  of  instances  in  which  suspicion  has  fallen  upon  "  wet  hides," 
as  opposed  to  "  dry  hides,"  is  noteworthy. 

Special  Rules  were  issued  in  1899  by  the  Home  Office  authorities 
for  Hide  and  Skin  Factories  and  Workshops,  and  Special  Rules  for 
Wool-combing  Factories  were  finally  agreed  upon  in  1900.  (See 
pp.  56—58  of  the  Annual  Report,  1899,  of  H.M.  Chief  Inspector 
of  Factories.)  These  Rules  prohibit  the  opening  of  certain  kinds  of 
hair  unless  steeping  in  water  is  practised,  and  an  efficient  opening 
board  is  used.  Van  mohair  must  be  steeped  in  water  before  being 
opened,  and  special  treatment  is  prescribed  in  the  case  of  badly 
damaged  material.  The  provision  of  means  for  extracting  dust, 
and  preventing  it  from  being  inhaled  by  workers,  and  the  exercise 
of  cleanliness,  and  of  precaution  with  respect  to  partaking  of  food, 
and  as  regards  any  scratch  or  abrasion  on  exposed  parts  of  the 
body,  are  points  especially  dealt  with  in  the  Rules. 

The  Anthrax  Order  of  1899,  issued  by  the  Board  of  Agriculture, 
directs  that  the  carcases  of  diseased  or  suspected  animals  shall  be 
buried,  unopened,  in  lime,  at  a  depth  of  not  less  than  six  feet  below 
the  surface,  or  else  destroyed  by  exposure  to  a  high  temperature  or 
to  chemical  agents,  in  a  place  approved  for  the  purpose  by  the  Board. 
Precautions  to  be  adopted  in  relation  to  infected  dung,  litter,  etc., 
and  with  regard  to  preventing  contamination  by  excretions,  blood' 
etc.,  are  also  specified  in  this  Order.  Preventive  inoculation  ha  I 
been  extensively  practised  in  France  and  Germany,  but  the  protection 
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afforded  by  the  methods  liitherto  employed  has  not  proved  of  a 
lasting  character. 

Beri-beri  (the  "  Kakke  "  of  Japan). — This  disease  has  long  been 
prevalent  in  China  and  South-East  Asia.    Its  existence  in  numerous 
localities  in  the  tropics  has  been  recognised  of  late  years,  and  it 
is  occasionally  met  with  even  in  temperate  regions.    In  J apan  the 
malady  is  now  common,  and  it  has  either  newly  appeared,  or  has  for 
the  first  time  been  reported  of  late  years,  in  Australia,  Fiji,  the 
Sandwich  Islands,  and  elsewhere,  including  even  certain  institutions 
in  Ireland  and  the  United  States.     In  Brazil  and  in  the  Malayan 
archipelago  it  is  especially  frequently  met  with.    In  the  tropics,  the 
•disaase  may  occur  at  all  times  of  the  year ;  in  temperate  regions,  only, 
as  a  rule,  during  the  summer.    An  attack  may  supervene  within  four 
■or  five  weeks  of  arrival  in  a  place  in  which  beri-beri  is  endemic.  The 
symptoms  are,  in  the  main,  those  of  multiple  neuritis,  with  accom- 
panying cedema  of  more  or  less  marked  character ;  in  some  instances 
(the  "  wet "  form)  there  is  general  dropsy,  together  with  more  or  less 
pronounced  evidence  of  dilatation  of  the  heart.    Three  types  of  the 
■disease— the  "dry,"  the   "wet,"  and  the  "mixed"— have  been 
■described ;  the  "  wet "  form  is  said  to  be  the  most  dangerous.  The 
mortality  has  varied  greatly  in  different  outbreaks,  from  5  to  50  per 
■cent. 

The  cause  of  the  disease  was  at  one  time  thought  to  be  defi- 
ciency of  particular  articles  of  diet,  "nitrogen  starvation";  again, 
beri-beri  has  been  regarded  as  a  cachectic  condition,  due  to  malaria 
•or  to  some  kind  of  parasite ;  of  late  years,  both  bacteria  and  protozoa 
have  been  presumed  to  be  the  agents  which  produce  the  disease  ^  it 
has  further  been  suggested  that  the  symptoms  are  caused  by  a  toxine, 
elaborated  outside  the  body  by  a  saprophytic  organism,  which  is  able 
to  flourisli  under  the  conditions  obtaining  in  the  areas  in  which  the 
■disease  is  endemic.    This  last-named  hypothesis  would  explain  the 
rapid  recovery  noted  when  affected  persons  are  removed  from  an 
infected  vessel,  institution,  or  locality.    It  has  been  suggested  that 
some  of  the  cases  of  multiple  neuritis,  wliich  are  attributed  in 
temperate  climates  to  alcohol  or  arsenic,  may  really  be  examples  of 
the  disease ;  on  the  other  hand,  there  appears  in  the  tropics  to  be  a 
tendency  to  assume  that  all  forms  of  neuritis  are  due  to  ben-ben. 
The  malady  does  not  appear  to  spread  directly  from  patient  to  patient. 
Low-lying  areas  are  specially  apt  to  be  affected.  Institutions 
.(asylums,  jails,  etc.)  and  ships  sometimes  become  infective  centres, 
:and  may  retain  the  power  of  conveying  infection  for  long  periods  : 
in  such  instances  it  may  be  found  necessary  to  accommodate  the 
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iumates,  or  crew,  elsewhere,  while  the  infected  building  or  ship 
is  thoroughly  disinfected. 

Chicken-pox. — This  malady  has  only  been  distinguished  from 
small-pox  for  about  150  years.  Attacks  generally  occur  in  children, 
and  the  disease  is  rarely  fatal.  A  few  deaths  are  recorded  each 
year ;  but  it  is  probable  that  some  of  these,  at  any  rate,  represent 
errors  of  diagnosis,  and  that  small-pox  has  really  been  in  question. 
The  incubation  period  lasts  about  fourteen  days ;  the  eruption  usually 
appears  at  the  outset,  or  is  at  most  preceded  by  only  a  few  hours  of 
indisposition.  The  vesicles  are  not,  as  a  rule,  umbilicated ;  they 
differ  from  those  of  small-pox  in  that  they  contain  only  a  single 
•cavity,  and  hence  it  is  said  a  prick  with  a  needle  evacuates  all  the 
contained  fluid ;  there  is  also  less  hardness  at  the  base  of  the  vesicles 
in  varicella  than  is  observable  in  the  case  of  variola.  The  vesicles 
mature  more  quickly  than  small-pox  vesicles,  as  within  a  week  a 
crust,  as  a  rule,  forms ;  and,  most  noteworthy  point  of  all,  they  usually 
occur  in  ci'ops,  and  it  is  generally  possible,  on  examination  of  the 
chicken-pox  eruption,  to  make  out  the  fact  that  while  some  of  the 
..spots  are  in  an  early  stage  of  development,  others  have  already 
matured.  The  eruption  may  occur  on  any  part  of  the  body,  and 
has  not  the  characteristic  distribution  of  the  small-pox  rash. 
It  has  not  been  found  possible  to  transmit  chicken-pox  by 
inoculation. 

Cancer. — Of  late  years  this  disease  has  received  a  good  deal  of 
attention.  Knowledge  of  its  prevalence  in  past  times,  and  of  its 
geographical  distribution  at  the  present  day,  is  far  from  precise ;  the 
interpretation  of  such  statistical  records  as  are  available  has  been 
rendered  especially  difficult  by  looseness  of  terminology,  and  by  the 
fact  that  malignant  disease  not  infrequently  affects  internal  organs, 
and  hence,  in  the  absence  of  post-mortem  examination,  has,  no  doubt, 
been  in  numerous  instances  altogether  overlooked.  Having  regard 
to  these  considerations,  it  is  not  surprising  that  the  recorded  canCer 
mortality  has  notably  increased  in  recent  times ;  indeed,  comparison 
of  registered  mortality  thirty  or  forty  years  ago  (1861-70),  with  the 
registered  mortality  nowadays,  shows  that  the  deaths  per  million 
living  in  this  country  have  practically  doubled.  The  increase  is 
much  more  marked  in  males  than  in  females.  While  less  than  half 
as  many  deaths,  per  million  living,  were  recorded  in  males  as  com- 
pared Avith  females  in  1861-70,  the  rate  in  males  now  is  about  two- 
thirds  of  that  in  females. 

This  fact  accords  with  the  hypothesis  that  the  increase  in  cancer 
mortality  is  more  apparent  than  real.    The  supposition  is  borne 
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out  by  the  observations  of  Newsholme  and  King  with  regard  to  the 
data  collected  in  the  Scottish  Widows  Office  and  to  certain  Frankfort 
statistics.    The  former  set  of  figures  shows  increased  mortality  from 
cancer;  but  on  comparison  with  the  curves  for  the  English,  Scotch 
and  Irish  populations  generally,  the  Scottish  Widows  Office  curve  has. 
"  the  easiest  gradient."    "  The  policy-holders  in  the  Scottish  Widows 
Office  are  presumably  well-to-do,  and  able  to  secure,  on  the  whole, 
better  medical  attendance  than  the  mass  of  the  people,  and  their 
death  returns  consequently  show  to  a  less  extent  the  efi'ect  of 
increased  accuracy  of   diagnosis    and    certification."     Again,  in 
Frankfort  the  records  enable  the  cancer  deaths  to  be  classified  aa 
"  accessible,  inaccessible,  and  cancer  of  undefined  position,"  and 
it  transpires  that  "between  1860  and  1889  there  has  been  no- 
increase  in  the  mortality  from  cancer  aflfecting  positions  in  which 
it  is  easily  accessible  and  detected."    It  has  been  suggested  that,, 
inasmuch  as  more  people  nowadays  survive  and  reach  those  age- 
periods  at  which  cancer  mortality  is  especially  marked,  it  is  to  be- 
anticipated  that  the  deaths  from  cancer  would  show  increase.  This, 
is  doubtless  true ;  but  study  of  cancer  death-rates,  per  million  living 
at  different  age-periods,  shows  that  the  factor  referred  to  does  not 
account  for  the  whole  of  the  increase  observed. 

Cancer  mortality  is  comparatively  small  until  the  age-period 
35 — 45  is  reached ;  it  then  steadily  increases  with  advancing  years. 
The  increase  observed  of  late  years,  as  compared  with  the  decade- 
1861-70,  is  specially  marked,  in  males,  at  all  age-periods  after  and 
including  the  period  35 — 45  ;  in  females,  the  increase  is  less  marked 
up  to  55,  but  is  very  marked  at  the  later  age-periods. 

The  distribution  of  cancer  in  English  counties  is  dealt  with  by 
the  Registrar-General  in  the  Supplement  to  his  Fifty-fifth  Annual 
Report  (p.  liii.  et  seq.).  In  determining  the  rates  observed,  the 
quefftion  of  age  and  sex  distribution  exerts  considerable  influence. 
The  Registrar-General  has,  therefore,  calculated  {loc.  dt.)  the  cancer 
mortality  for  each  county  in  terms  of  a  "standard  million"  of 
population  over  35  years  of  age ;  as  an  instance  of  the  alteration 
thus  brought  about,  it  may  be  noted  that  whereas  the  difference 
between  the  crude  rates  for  London  and  Cornwall  is  some  2  per 
fcent.,  the  difference  in  their  corrected  rates  is  38  per  cent.  Taking 
the  rates  as  corrected  by  the  Registrar-General,  those  of  London 
and  Huntingdonshire  are  the  highest,  those  of  Wiltshire  and  Corn- 
wall are  the  lowest;  the  highest  rate,  that  of  London,  is  2,250, 
the  lowest,  that  of  Cornwall,  1,630  per  standard  million  above 
35  years  of  age. 

The  view  that  cancer  is  an  hereditary  disease  was  at  one  time- 
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generally  accepted.  The  Registrar-General,  in  his  Fifty-second 
Annual  Report,  p.  xiv.,  pointed  out,  however,  how  considerable 
Avas  the  probability  of  multiple  occurrences  of  cancer  among  the 
near  relatives  of  a  given  individual,  having  regard  to  the  fact 
that  it  appeared,  from  the  figures  of  1887-89,  that  one  out  of 
twenty-one  men,  and  one  out  of  twelve  women,  who  reach  the  age 
of  35,  die  eventually  of  cancerous  disease.  The  Registrar-General's 
conclusions  on  this  matter  have  been  generally  accepted ;  but, 
curiously  enough,  a  new  doctrine,  which  from  a  statistical  standpoint 
appears  to  be  equally  groundless,  has  latterly  obtained  some  credence. 

Behla  first  drew  attention  to  the  frequency  of  occurrence  of 
multiple  cases  of  cancer  in  one  and  the  same  house.  If  the  scope 
of  the  inquiry  be  sufficiently  extended,  "  cancer  houses,"  as  Behla 
terms  them,  are  not,  as  a  rule,  hard  to  find.  Symons,  however,  showed 
that  the  statistics  of  Bath  proved  these  multiple  invasions  of  houses 
by  cancer  to  be  actually  less  frequent  than  might  have  been  antici- 
pated as  a  matter  of  pure  chance.  Niven,  in  the  annual  report  for 
Manchester,  1897,  discusses  the  mathematical  treatment  of  this 
question  of  multiple  invasions  of  houses.    He  shows  that  if 

Average  number  of  houses  affected        i      i     j  i  i  p 

X  =  2   ana  m  be  the  number  oi 

Average  number  or  occupied  houses 

years  over  which  the  inquiry  extends  ;   then  the  chance  of  any 

house  being  invaded  twice  _  ^      (m— 1)^  chance  of  triple 

1  '2 

a?m  (m- V)  (m  —  2)     tt        ,i  ■,        ^       ,  ■ 

invasion  =  —     '  \  1.    Hence  the  number  of  double  m- 

"  *)(^fth  ( 7Tb       1  \ 

vasions  must  be  ;    x   the  total  number   of  occupied 

houses ;    and    the     number    of    triple    invasions     must  be 

•t'w  (m— 1)  (m  —  2)        ,  / 
 T'.'oTq  ^        total  number  of  occupied  houses. 

Applying  these  formulae  to  Behla's  figures,  the  number  of  multiple 
invasions  proves  (as  Symons  had  already  found  to  be  the  case  at 
Bath)  to  be  rather  smaller  than  might  have  been  predicted,  assuming 
the  question  to  be  merely  one  of  casual  coincidence.  Remarkable 
cancer  sequences  have  been  recorded — cases  in  which  successive 
occupants  of  particular  rooms,  persons  who  visited  from  time  to 
time  particular  localities,  and  so  on,  have  succumbed  to  cancer. 
The  instances  cited  serve,  as  a  rule,  merely  to  show  how  little  atten- 
tion is  commonly  given  to  the  question  of  the  probability,  d,  priori, 
of  a  particular  sequence  of  events  occurring.  With  further  study  of 
cancer  sequences  and  cancer  localities,  it  is  possible  that  knowledge 
concerning  such  matters  may  be  advanced ;  due  regard  must,  however, 
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be  paid  to  the  fact  that,  inasmuch  as  the  disease  is  an  exceedingly 
common  one,  the  chance  of  occurrence  of  these  so-called  "  notable 
sequences  "  is  considerable. 

Cancer  has  been  extensively  studied  from  the  point  of  view  of 
its  inoculability  in  lower  animals,  and  vnth  the  object  of  isolating 
a  specific  organism.  Latterly  it  has  been  claimed  that  some  forms, 
of  blastomycetes,  or  again  that  protozoa,  are  concerned  in  the  produc- 
tion of  cancer.    {See  pp.  317  and  320.) 

Cerebro-spinal  Fever.  Epidemic  Cerebro-spinal  Menin- 
gitis. This  disease  was  first  described  by  Vieusseaux,  of  Geneva, 

in  1804-5,  and  during  the  early  part  of  the  nineteenth  century  it 
attracted  attention  in  the  United  States.    It  was  not  until  1837 
that  it  assumed  special  prominence;  in  that  year,  and  the  years- 
immediately  succeeding,  the   malady   was   observed,  particularly 
among  troops,  in  various  parts  of  France,  and  between  1846  and 
1850  epidemic  waves  of  the  disease  were  again  noted  in  that  country.. 
In  Italy,  Algiers,  and  in  the  United  States  outbreaks  occurred 
between  1837  and  1850.    Between  1854  and  1874  the  disease  was. 
observed  in  parts  of  Europe,  and  in  the  United  States  and  Canada 
moreover,  less  marked  prevalences  of  the  malady  occurred  in  various- 
localities  between  1876  and  1884.    Again,  in  the  concluding  years, 
of  the  nineteenth  century,  small  outbreaks  were  noted  in  France^ 
Germany,  and  the  United  States. 

In  the  United  Kingdom  epidemics  of  the  disease  have  never 
attained  considerable  proportions.  They  have  been  noted  as  occurring 
from  time  to  time  in  Ireland— in  1846  ;  again,  in  Dublin,  in  1866-67^ 
when  a  number  of  persons,  mainly  soldiers,  were  attacked ;  and  yet 
again  in  1885-86  and  in  1890.  Detailed  account  of  presumed 
occurrences  of  the  disease  in  England  is  given  by  Bruce  Low  in  a 
paper  in  the  Epidemiological  Societi/s  Tramactions  for  1898-99.  In 
1890  cases  suspected  to  have  been  cerebro-spinal  fever  were  observed 
in  some  of  the  Eastern  counties  of  England,  and  especially  at 
Oakley,  in  Suffolk.  The  Oakley  cases  were  attended  by  compara- 
tively small  mortality,  and  in  several  instances  multiple  cases 
occurred  in  the  same  household,  a  phenomenon  not  observed,  as  a 
rule,  in  cerebro-spinal  fever,  though  Osier  has  seen  "  house  epidemics  " 
in  America.  Bruce  Low  reported  on  this  Oakley  outbreak,  and 
again,  later,  on  a  series  of  "  anomalous  illnesses "  in  Northampton- 
shire, and  he  inclined  to  the  vieAv  that  these  were  instances  .  of 
cerebro-spinal  fever,  though  it  was  difficult  to  exclude  the  possibility 
of  their  being  cases  of  influenza  (See  Annual  Reports  of  the  Medical 
Officer  of  the  Local  Government  Board  for  1890,  1891,  and  1894). 
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The  fatality  is,  as  a  rule,  high,  60  per  cent,  or  more.  In  outbreaks 
of  the  disease  the  numbers  attacked  are  not  sufficiently  large  to 
produce  any  appreciable  effect  upon  the  mortality  rate.  Children 
and  young  adults  are  most  commonly  attacked,  about  half  the  cases 
occurring  in  persons  under  ten  years  of  age.  Cold  weather  appears 
to  favour  the  prevalence  of  the  malady,  which,  moreover,  does  not 
seem  to  occur  at  all  in  the  tropics,  though  there  was  an  outbreak 
in  Fiji  in  1885  during  an  "  unusually  cool"  season.  Institutions, 
barracks,  workhouses,  and  prisons  have,  in  some  instances,  been 
exclusively  attacked ;  again,  overcrowding,  dirt,  and  want  of  ventila- 
tion have  been  held  to  favour  the  occurrence  of  the  disease.  It 
has  been  suggested  that  what  is  known  as  posterior  basic  menin- 
gitis in  children  is  actually  epidemic  cerebro-spinal  fever  occurring 
sporadically.  In  1887,  Weichselbaum  described  an  organism,  the 
"  diplococcus  intracellularis,"  or  "  meningococcus,"  which  he  held  to 
be  the  cause  of  cerebro-spinal  fever  ;  it  can  be  cultivated  on  Loffler's 
blood  serum,  and  has  feeble  pathogenic  properties  when  inoculated 
in  animals.  The  same  organism  has  been  isolated  by  Still  from 
material  derived  from  cases  of  posterior  basic  meningitis  occurring 
sporadically  in  London. 

The  disease  has  been  defined  as  "  a  malignant  fever  attended  by 
painful  contraction  of  the  muscles  of  the  neck  and  retraction  of  the 
head.  In  some  epidemics  it  is  frequently  accompanied  by  a 
profuse  purpuric  eruption,  and  occasionally  by  secondary  effusions 
into  certain  joints.  Lesions  of  the  brain  and  spinal  cord  are  found 
on  dissection."  Bruce  Low  refers  to  the  great  difficulty  of  diagnosis. 
The  above  description  covers,  as  he  says,  only  the  severer  forms  of 
the  disease :  milder  cases  are  apt  to  be  mistaken  for  influenza,  and 
if  the  illness  last  some  time  it  may  be  diagnosed  as  typhoid  fever  or 
tubercular  meningitis,  while  if  it  be  speedily  fatal  it  is  apt  to  be 
regarded  as  typhus  fever,  idiopathic  tetanus,  or  malignant  measles, 
Bruce  Low  suggests  that  some  of  the  epidemics  of  jail  fever,  spotted 
fever,  petechial  fever,  or  hospital  fever,  of  earlier  days,  may  have 
been  forms  of  the  disease  now  in  question. 

Osier  attaches  special  importance  to  the  two  following  aids  to 
diagnosis  of  the  existence  of  meningitis,  brought  into  notice  in  recent 
years.  The  one,  "  Kernig's  sign,"  is  elicited  when  the  thigh  is, 
flexed  preliminarily  on  the  trunk,  either  by  causing  the  patient  ta 
assume  the  sitting  posture,  or  by  placing  the  thigh  at  a  right  angle, 
with  the  trunk  as  the  patient  lies  in  bed ;  on  the  attempt  being  then, 
made  to  extend  the  leg,  this  is  resisted  by  strong  contraction  of  the 
flexors  of  the  leg  upon  the  thigh.  The  other  method,  that  of 
"  lumbar  puncture,"  was  first  advocated  by  Quincke ;  an  exploring 
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syringe  is  introduced  within  the  theca,  below  the  termination  of  the 
cord,  and  a  bacteriological  examination  can  be  made  of  tlie  fluid 
drawn  oli".  In  acute  cases  of  cerebro-spinal  meningitis,  Osier  has 
obtained  a  turbid  fluid  in  which  the  characteristic  organisms  are 
present  in  large  numbers.  Bruce  Low  states  that  the  organism 
known  as  the  pneumococcus  lanceolatus  of  Frankel,  wliich  occurs  in 
croupous  pneumonia,  has  been  erroneously  associated  with  cerebro- 
spinal fever ;  the  pneumococcus,  he  says,  if  present,  is  to  be  regarded 
in  the  light  of  a  secondary  infection,  but  "  in  true  epidemic  cerebro- 
spinal meningitis  the  organism  that  is  invariably  present  is  the 
diplococcus  intracellularis  of  Weichselbaum."  Washbourn  refers  to 
an  outbreak  of  pneumococcal  meningitis  among  Kaflirs,  in  1893,  in 
which,  he  says,  "  the  virus  obviously  gained  access  to  the  body  by 
the  nasal  cavity." 

Cholera. — This  disease  has  doubtless  long  prevailed  in  India,  . 
but  of  its  extension  to  Europe  practically  nothing  is  known  before 
the  early  part  of  the  last  century,  and  it  is  doubtful  whether  earlier 
references  to  cholera,  by  Sydenham  and  others,  relate  to  the  Asiatic 
form  of  the  disease. 

The  first  great  pandemic  of  which  there  is  any  record  seems  to  have 
■commenced  about  1817  in  Bengal,  and  by  1823  it  had  extended  by 
way  of  the  Caspian  Sea  to  Astrakhan,  but  it  did  not  reach  Western 
Europe.  The  second  pandemic  commenced  in  1826  in  Bengal,  it 
•extended  to  Russia,  passed  across  Europe  and  reached  America ; 
England  was  attacked  in  1831,  the  disease  being  imported  by  ships 
arriving  in  the  Medway  from  Riga,,  and  later  being  introduced  at 
Sunderland  by  vessels  from  Hamburg  ;  it  appeared  in  Canada  in  1832, 
and  spread  through  the  United  States.  The  third  pandemic  com- 
menced in  1846,  reached  the  Caspian  in  the  following  year,  and  pre- 
vailed extensively  in  Russia  in  1848.  London  was  attacked  in  the 
autumn  of  that  year,  being  apparently  infected  from  Hamburg. 
Edinburgh  seems  to  have  been  shortly  afterwards  infected  from 
Cronstadt,  and  other  ports  became  implicated  as  a  result  of  the 
arrival  of  ships  from  Hamburg.  In  the  spring  of  1849  the  disease 
was  extensively  prevalent  in  England  and  in  America.  In  1850 
it  was  widely  difi'used  in  America,  to  a  less  extent  in  Europe,  and 
in  the  latter  there  was  further  diminution  in  its  prevalence  during 
the  next  two  years.  In  1853  cholera  was  widely  distributed  over 
Europe ;  in  1854  Great  Britain  was  again  infected  from  German  ports. 
Small  outbreaks,  moreover,  occurred  in  this  country  in  1855,  1857, 
and  1859,  and  Europe  was  not  altogether  free  from  cholera  until 
1860.    The  fourth  pandemic  commenced  in  1863,  and  now  for  the 
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first  time  Europe  was  invaded  vid  the  Red  Sea,  the  disease  being 
brought  to  Suez  by  Mecca  pilgrims,  and  spreading  from  Egypt  to 
Mediterranean  ports,  and  thence  northwards.  Cases  occurred  at 
Southampton,  in  August,  1866,  and  persons  who  were  attacked  at 
Theydon  Bois  were  apparently  infected  from  this  source.  In  1866 
the  disease  was  imported  at  several  English  seaports,  and  America 
seems  to  have  been  infected  by  emigrants  from  Liverpool.  The 
disease  lingered  in  Europe  until  1874,  though  the  cholera  of  the 
years  following  1870  may  have  been  due  to  renewed  importation 
from  the  East. 

It  will  be  noted,  as  regards  the  sh^re  borne  by  this  country  in 
these  four  pandemics,  that  England  escaped  the  first  altogether ;  it 
-was  involved  in  1831  during  the  second ;  it  was  attacked  twice,  in 
1848-49  and  in  1854,  in  the  third;  and  again  in  1865-66  in  the 
fourth  pandemic.  Since  the  date  last-named  cholera  has  not 
prevailed  on  a  large  scale  in  this  country. 

During  the  years  1884-87,  Europe,  however,  suffered  somewhat 
•severely.  In  1884,  Toulon,  Marseilles,  and  Paris  were  attacked, 
and  5,000  deaths  occurred  in  Prance  during  the  year.  In  1885 
■Spain  experienced  an  even  more  serious  visitation ;  and  later,  Italy 
and  Austria-Hungary  were  invaded.  England  remained,  however, 
free  from  attack.  In  1 890  cholera  again  threatened  an  advance  upon 
Europe;  there  was  great  mortality  among  Mecca  pilgrims  in  1891, 
and  in  1892  the  disease  travelled  into  Russia  vid  the  Caspian.  In 
August  the  Hamburg  outbreak  commenced,  the  town  being  pre- 
sumably infected  by  Russian  emigrants.  During  the  same  year 
Paris  and  other  parts  of  Prance  were  implicated.  The  mortality  in 
1892  in  Russia  exceeded  130,000  deaths.  In  Hamburg  upwards  of 
8,000  deaths  occurred,  and  in  Paris  over  1,400.  Cholera  was 
imported  into  England  from  Hamburg  and  other  European  ports, 
but  it  did  not  spread.  In  1893  the  disease  was  still  prevalent  in 
various  parts  of  Europe,  particularly  in  Russia ;  a  second  outbreak 
occurred  in  Hamburg,  and  Altona  was  involved.  Grimsby  and 
■Cleethorpes  were  now  invaded,  and  a  few  scattered  cases,  for  the 
most  part  traceable  to  Grimsby  and  Cleethorpes,  occurred  in  various 
parts  of  this  country;  but  the  disease  showed  no  ability  to  assume 
epidemic  form,  and  in  the  succeeding  years  it  gradually  disappeared 
altogether  from  Europe,  lingering  longest  in  Russia. 

The  fatality  of  cholera  is  very  high,  usually  from  30  to  50  per 
cent.    In  Europe  the  malady  has  generally  attained  its  maximum 
prevalence  from  June  to  August,  but  it  has  caused  considerable 
mortality  in  Russia  even  in  the  depth  of  winter.    The  negro  race  is 
•said  to  be  specially  liable  both  to  attack,  and  to  a  fatal  issue  if  the 
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disease  occurs.  As  regards  age,  cliildren  and  old  people  contribute 
largely  to  the  total  number  of  deaths.  The  period  of  incubation 
varies  from  a  few  hours  to  three  or  four  days.  Tlie  degree  of 
protection  afforded  by  attack  appears  to  be  but  slight. 

The  organism  discovered  by  Koch  in  Egypt,  in  1883,  is  always 
present  in  cholera  evacuations,  and  its  existence  is  thus  practically 
looked  upon  as  the  final  diagnostic  test  of  the  presence  of  the 
disease.    The  attempts  made  to  infect  lower  animals  have  not  been 
decisively  successful.    Again,  the  spirillum  has  been  found  to  be 
present  at  times  of  cholera  prevalence  in  persons  who  exhibit  no 
symptoms  of  cholera,  and  cholera  cultures  have  been  swallowed  %vith- 
out  ill  effect.    Question  has  been  raised  as  to  whether  the  spirilla 
found  in  cholera  invariably  belong  to  one  and  the  same  species; 
they  are  certainly  apt  to  present  considerable  differences  in  cultural 
characters.    The  Finkler-Prior  bacillus,  which  occurs  in  certain  forms 
of  diarrhoea  not  due  to  cholera,  presents  a  rough  resemblance  to 
Koch's  spirillum,  but  is  readily  distinguishable  from  it.  Deneke 
has  obtained  an  organism,  morphologically  closely  resembling  Koch's 
organism,  from  old  cheese ;  Lewis  has  isolated  a  somewhat  similar 
spirillum  from  saliva;  and  the   Vibrio  Metchnikovi,  isolated  by 
Gamaleia  from  material  obtained  in  a  disease  occurring  in  fowls- 
in  Russia,  very  nearly  approximates  in  its  characteristics  to  the 
Spirillum  Cholerse.  Asiaticm. 

The  "cholera  red"  reaction  yielded  by  cholera  cultures  in 
Dunham's  peptone  salt  solution,  on  addition  of  pure  hydrochloric 
or  sulphuric  acid,  is  a  valuable  aid  to  diagnosis.  The  colour  is 
similar  to  that  produced  on  addition  of  nitrous  acid  to  solutions 
containing  indol,  and  the  reaction  is  hence  often  referred  to  as 
the  "indol  reaction,'"'"  it  being  assumed  that  the  true  cholera 
organism  is  able  to  produce  indol  from  the  peptone,^  and  also 
nitrites,  which  are  decomposed  on  the  addition  of  acid.  Other 
organisms  can  form  indol  or  can  form  nitrites,  but  cannot  effect 
both  changes  coincidently  ;  the  Vibrio  Metchnikovi,  like  the 
cholera  organism,  is,  however,  able  to  do  this.  The  question  of 
the  relation  of  Koch's  spirillum  to  cholera  has  been  already 
considered  in  the  chapter  on  Soil,  and  reference  has  also  been  made 
to  the  subject  of  water-borne  cholera  and  to  the  extent  to  which 
the  disease  should  be  regarded  as  a  water-borne  or  a  soil-borne 

As  regards  prevention,  the  often  quoted  dictum  of  Simon,  that 
"  excrement-sodden  earth,  excrement-reeking  air,  excrement  tainted- 
water,  these  are  for  us  the  causes  of  cholera,"  should  be  borne 
in   mind.     The   dangers   which   have  especially  to  be  guarded 
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against  are  stated,  in  a  Memoranduiu  issued  in  1892  by  the 
Local  Government  Board,  to  be,  firstly,  the  danger  of  water 
supplies  "  where  there  is  outflow,  leakage,  or  filtration  from  sewers, 
house-drains,  privies,  cesspools,  foul  ditches  or  the  like,  into  springs, 
streams,  wells,  or  reservoirs  from  which  the  supply  of  water  is 
drawn,  or  into  the  soil  in  which  the  wells  are  situate,"  and 
secondly,  "the  danger  of  breathing  air  which  is  foul  with  efiluvia 
from  the  same  sort  of  impurity."  The  importance  of  disinfection 
of  excremental  matter,  urine,  etc.,  need  not  hei*e  be  insisted  upon. 
Preventive  measures  in  connection  with  ships  arriving  in  this 
country  are  elsewhere  fully  considered  (See  p.  529).  A  method 
of  protective  inoculation  designed  by  Hatfkine  has  been  extensively 
practised  in  India. 

Dengue. — This  disease  is  known  to  have  prevailed  from  time  to 
time  for  more  than  a  century  in  various  parts  of  the  tropics,  and 
at  long  intervals  it  has  assumed  the  characters  of  a  pandemic, 
spreading  widely  along  lines  of  human  intercourse,  attacking  entire 
communities  within  a  brief  space  of  time,  and  then  disappearing 
again  as  suddenly  as  it  came.  It  rarely  extends  into  tempei'ate 
regions,  though  it  has  during  hot  seasons  prevailed  as  far  north  as 
Philadelphia,  and  it  has  been  seen  in  southern  Europe.  The  last 
great  preA'alence  of  dengue  was  in  the.  years  1870-73. 

Fever,  headache,  pain  referred  to  the  back  of  the  eyeballs,  and 
rheumatic  pains  in  the  loins  and  limbs,  as  a  rule  usher  in  the  disease, 
which  is  thus  particularly  likely  to  be  confused  with  "  influenza," 
and  the  mistake  appears  to  have  often  been  made.  In  dengue  an 
initial  erythematous  eruption  is  early  developed  with  the  first  onset 
of  fever ;  after  a  few  days  the  temperature  comes  down,  and  then, 
about  the  fifth  or  sixth  day  of  the  disease,  a  secondary  fever  is 
developed,  and  this  is  as  a  rule  accompanied  by  a  "  terminal "  rash, 
consisting  of  slightly  raised  circular  patches,  which  may  later  run 
into  one  another,  and  present  an  appearance  not  unlike  that  of 
measles ;  or  again,  the  entire  area  of  the  skin  may  be,  as  Manson 
says,  "covered  with  one  unbroken  sheet  of  red,"  this  being  not 
infrequently  the  case  at  favourite  sites  of  the  eruption,  such  as  the 
hands,  wrists,  elbows,  and  knees.  During  convalescence  severe  pain 
may  be  experienced  in  the  neighbourhood  of  one  or  more  joints, 
the  limb  may  be  held  quite  stiftly  for  some  days  or  weeks, 
and  wasting  of  nmscles  may  supervene ;  apparently  the  stifi'ness 
of  gait  and  difficulty  of  movement  occasioned  by  the  disease  led  to 
its  receiving  the  name  of  dandy  fever  (the  term  dengue,  moreover, 
signifies  a  dandy). 
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The  incubation  period  is  probably  from  one  to  four  or  five  days ; 
relapses  sometimes  occur ;  the  disease  is  rarely  fatal,  though  it  may 
leave  behind  it  a  persistent  condition  of  impaired  health.  Nothing 
is  known  as  to  the  micro-organism  which  presumably  causes  dengue, 
or  as  to  measures  effectual  in  preventing  spread  of  the  disease. 

Diarrhoea.    Epidemic  Enteritis.    Zymotic  Enteritis. 

Epidemic  Diarrhoea. — The  opinion  has  now  for  some  years  been 
gaining  ground  that  under  the  heading  "diarrhoea,"  the  mortality 
returns  have  included  many  deaths  due  to  a  specific  malady,  which 
particularly  needs  to  be  further  studied  with  a  view  to  obtaining 
knowledge  upon  which  to  base  preventive  measures.  The  deaths 
recorded  as  due  to  "  diarrhoea  and  dysentery  "  in  England  and  Wales 
were  comparatively  few  in  number  in  the  earliest  years  of  regis- 
tration, but  from  1847  to  1880,  the  rate  per  million  living  ranged 
between  about  500  and  1,000;  since  1880  the  higher  limit  has 
not  been  again  reached,  but  though  the  recorded  mortality  has  thus 
shown  of  late  years  some  tendency  to  decline,  from  ten  to  twenty 
thousand  deaths  are  still  annually  registered  under  the  headings 
named.    The  term  diarrhoea  has,  in  the  past,  no  doubt,  included  a 
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large  number  of  the  deaths  from  the  specific  malady  in  question,  but 
other  designations  have  also  been  employed,  such  as  gastro- 
enteritis, muco-enteritis,  etc.  With  a  view  to  securing  some  sort  of 
uniformity  the  College  of  Physicians  in  1900  recommended  the 
use  of  the  term  "  epidemic  diarrhoea,"  or  of  one  or  other  of  two 
synonyms,  "epidemic  enteritis"  or  "zymotic  enteritis." 

The  disease  is  conspicuously  influenced  by  season.  Fig.  84  shows 
the  average  number  of  deaths  recorded  in  each  week  in  London,, 
during  the  years  1841-90.  Again,  diari'hcea  notably  prevails  among 
young  children.  Ballard  says  attacks  occur  chiefly  in  children 
under  5  years  of  age.  After  5  years  the  incidence  greatly  lessens ; 
beyond  25  it  gradually  increases  again.  "  Among  children  under 
5  years  of  age,  the  incidence  is  comparatively  small  upon  those 
under  3  months,  after  which  age  it  apparently  increases,  beginning 
to  diminish  somewhat  between  the  ages  I  to  2  years."  Most  of' 
the  deaths  occur  during  the  first  year,  the  3  to  6  months  age  group, 
having  the  highest  mortality. 

The  seasonal  prevalence  of  the  malady  led  to  its  being  generally 
attributed,  years  ago,  to  the  eating  of  fruit ;  but  the  mortality 
mainly  occurs  at  ages  at  which  but  little  fruit  is  eaten.  Another- 
obvious  line  of  inquiiy  was  the  association  of  the  disease  with  high 
temperature.  If  the  mortality  in  London  from  diarrhoea  be  com- 
pared, year  by  year,  with  the  variations  in  the  mean  temperature 
recorded  during  the  summer  quarter,  the  two  curves  will  be  found  to. 
present  remarkable  correspondences.  Certain  discrepancies  will  be 
noted,  however,  and  Ballard  and  others  after  him  have  held  that  it. 
is  not  atmospheric  temperature  that  is  of  importance,  but  soil  tem- 
perature (See  p.  161).  Newsholme,  who  has  recently  reviewed  the 
whole  question,  concludes  that  diarrhoea  is  more  closely  related  to 
absence  of  rainfall  than  to  the  mean  temperature  of  the  air. 

The  results  of  Ballard's  inquiry  concerning  the  causation  of 
diarrhoea  are  given  in  a  volume  published  as  a  Supplement  to  the 
Report  of  the  Medical  Ofiicer  of  the  Local  Government  Board 
for  1887.  He  summarises  his  conclusions  under  the  following 
heads : — 

(a)  General  Conditions. — Atmospheric  temperature  and  earth- 
temperature  are  referred  to,  and  also  rainfall  and  air  movement. 
The  influence  exerted  by  rainfall  is  not,  Ballard  concludes,  direct  (a. 
"  washing  of  the  atmosphere,"  so  to  speak),  but  indirect,  operating 
by  preventing  the  rise  and  hastening  the  fall  of  the  temperature  of 
the  earth.  As  regards  air  movement — in  the  diarrhoeal  season,  calm 
promotes,  and  high  winds  tend  to  lessen,  diarrhoea. 

(b)  Conditions  of  Locality. — Under  this  head  elevation  above.- 
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sea-level,  soil,  density  of  buildings  upon  area,  restrictions  of  and 
impediments  to  the  free  circulation  of  air,  domestic  darkness  and 
general  dirtiness,  and  accunmlations  of  refuse,  etc.,  sewer  and 
cesspool  emanations,  and  water  pollution  are  considered. 

(c)  Conditions  relating  to  Population. — In  this  connection  social 
position,  food,  maternal  neglect,  and  occupation  of  females  away  from 
home  are  referred  to.   With  regard  to  the  question  of  infant  feeding, 
Ballard  found  that  there  was  an  impression  that  breast-fed  infants 
were  more  exempt  from  diarrhoea  than  bottle-fed  infants.  Hope 
made  some  observations  in  Liverpool  which  tend  to  confirm  this 
conclusion.    It  was  found  that  "  even  among  the  loAv-class  Irish  " 
in  Liverpool,  infants  fed  solely  from  the  breast  were  remarkably 
free  from  fatal  diarrhoea.    The  question  of  the  relation  of  milk  to 
the  disease  has  been  elsewhere  referred  to  {See  p.  196);  other  foods 
may  also  transmit  the  infection,  but  it  must  not  be  assumed  that  in 
all  the  diarrhoea  outbreaks  traced  to  food,  the  organism  of  epidemic . 
enteritis  is  at  fault.     In  institutions  (work-houses,  asylums,  etc.), 
and  in  connection  with  meals  supplied  to  large  gatherings  of  per- 
sons, extensive  outbreaks  of  diarrhoea,  have,  from  time  to  time,  been 
recorded,  and  these  have  been  ascribed  to  various  articles  of  food 
(water,  milk,  butter,  cheese,  tinned  meats,  etc..  See  pp.  208  and  210). 
It  is  possible  that  study  of  such  outbreaks  may  throw  light  upon  the 
causation  of  epidemic  enteritis,  as  these  institution  outbreaks  occur 
not  infrequently  during  the  special  season  of  that  disease. 

With  regard  to  prevention,  Ballard  made  certain  "provisional 
practical  suggestions."    In  order  to  obviate  "  fouling  of  the  soil 
with  matters  out  of  which  the  material  of  diarrhoea  can  be  pro- 
duced," he  urged  that  attention  should  be  directed  to  the  removal  of 
filth,  liquid  and  solid.    To  domestic  cleanliness  great  importance 
was  attached,  and  the  need  of  securing  drjmess  and  purity  of  soil 
adjoining  dwellings,  by  provision  of  impermeable  covering  to  the 
ground  surface  immediately  about  them,  so  that  water  may  Avith 
certainty  be  carried  off  into  the  sewers,  was   also  referred  to. 
Further,  questions  of  lowering  the  level  of  subsoil  water,  of  pre- 
venting the  rise  of  ground  air,  and  of  securing  free  ventilation 
about  and  within  dwellings,  were  alluded  to.    The  need  of  pro- 
tecting milk  from  infection  "from  the  time  of  leaving  the  cows 
udder  to  the  time  of  its  being  used  as  food,"  was  specially  pointed 
out,  the  desirability  of  boiling  all  milk  on  its  receipt  into  houses 
was  commented  upon,  and  the  importance  of  ensuring  the  sanitnry 
condition  of  all   places  where   food   is   prepared  and  sold  was 
particularly  insisted  upon.    Finally,  the  regulation  of  sewers  and 
drains  and  measures  of  general  sanitation  were  considered. 
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Diphtheria. — In  the  middle  of  the  second  century  of  the 
Christian  era,  Aretseus  described  a  throat  affection  which  there  can 
T)e  no  doubt  was  what  is  now  termed  diphtheria.  "  Angina,"  he 
said,  is  "  a  very  acute  affection,  for  it  is  a  compression  of  the  respi- 
ration— the  organs  affected  are  the  tonsils,  epiglottis,  pharynx, 
"uvula,  and  top  of  the  trachea."  One  species,  he  noted,  derived  its 
name,  cynanche  (from  the  Greek  words  Kvayv,  dog,  and  ar/yw,  to 
strangle),  "  either  from  its  being  a  common  affection  of  those 
animals,  or  from  its  being  a  customary  practice  for  dogs  to  protrude 
the  tongue  even  in  health."  He  then  proceeded  to  gi^  e  a  description 
of  the  Egyptian  or  Syrian  ulcer,  whic}i  Bretonneau  declared  to  be 
•unsurpassed,  as  an  account  of  the  mode  of  termination  of  diphtheritic 
cases. 

The  Arabian  physicians  described  "angina,"  but  it  is  not  until 
the  sixteenth  century  that  clear  accounts  of  what  is  noAv  known  as 
•diphtheria  are  forthcoming.  The  disease  appears,  then,  to  have 
prevailed  in  Holland,  and  there  are  descriptions  of  what  was  called 
the  "  morbus  strangulatorius,"  fi'om  southern  Europe.  Fothergill's 
account  of  the  "putrid  sore  throat"  was  written  in  1748,  and  Huxham's 
dissertation,  on  the  "malignant  ulcerous  sore  throat,"  was  Dublished 
three  years  later.  In  North  America,  and  in  various  parts  of 
Europe,  angina  maligna  was  prevalent  during  the  eighteenth  cen- 
tury. Ghisi  described  it  at  Cremona  in  1747,  and  mentions  the 
false  membrane,  and  Bard,  in  l^few  York,  pointed  out  the  error 
of  describing  the  appearances  in  the  fauces,  by  the  epithets  "  gangre- 
nous "  and  the  like.  Both  observers  appear  to  liave  recognised  the 
liability  to  paralytic  sequelse. 

Towards  the  close  of  the  century,  however,  as  Hirsch  remarked, 
"angina  retired  into  the  background."  In  1765  Home's  work  on 
croup  appeared.  "Francis  Home,"  says  Bretonneau,  "suspended 
the  progress  of  observation  initiated  by  Ghisi,"  he  "persuaded 
himsalf  that  he  had  just  met  with  an  affection  which  had  hitherto 
escaped  the  attention  of  his  predecessors,  he  thought  that  he 
ought  to.  give  it  the  popular  name  under  which  he  found  it 
designated  in  a  Scotch  province."  The  new  denomination,  un- 
doubtedly, tended  to  obscure,  as  Bretonneau  says,  the  relationship 
of  "a  disease  observed  from  the  most  remote  antiquity." 

In  1821  Bretonneau  published  his  first  memoir  describing 
"  diphtherit3,"  or,  as  he  afterwards  termed  it,  "  diphtherie  "  (from 
the  Greek  word  h<j>9ipa,  a  skin).  He  wrote  four  further  memoirs 
on  the  subject,  referring,  inter  alia,  to  a  scliool  epidemic  which 
occurred  at  Tours,  and  to  outbreaks  in  tlie  barracks  of  that  city. 
It  was  some  years,  however,  before  the  nomenclature  introduced  'by 


368 


MANUAL  OF  HYGIENE. 


Bretonneau  was  popularised  in  this  country.  The  great  epidemic  of 
the  late  "  fifties  "  and  the  early  "  sixties  "  brought  diphtheria  into 
special  prominence.  Netten  Radcliffe  states  that  from  1854  onwards 
croup,  thrush,  quinsy,  and  noma  showed  increased  prevalence ;  in 
fact,  he  adds,  "it  is  not  too  much  to  say  that  all  the  affections 
allied  to  diphtheria  prevailed  epidemically  contemporaneously  with 
diphtheria." 

Confusion  of  nomenclature  has  continued  up  to  recent  times ;  the 
extent  to  which  deaths  previously  ascribed  to  other  forms  of  throat 
malady  have  been  ascribed  to  diphtheria,  has  been  studied  by 
Sykes  ("  Public  Health,"  vol.  vi.).  As  has  been  seen,  scarlet 
fever  and  diphtheria  were  not  distinguished  by  the  Registrar- 
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Average  number  of  Deaths  in  London  from  Croup,  in  each  -week,  1845-1874. 

(AJter  Buchan  and  Mitchell.) 
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FIG.  86. 

Average  number  of  Deaths  in  London  from  Laryngitis,  in  each  week.  1845-1874. 

[After  Buchan  and  Mitchell.) 

General  till  1855,  and  even  when  fatal  cases  of  those  diseases  were 
separately  recorded,  after  that  year,  there  can  be  no  doubt  that 
large  numbers  of  what  were  really  diphtheria  deaths  were 
returned  under  the  heading  croup.  A  table  given  in  the  Sixtieth 
Annual  Report  of  the  Registrar-General  (page  xxiii.)  shows 
striking  diminution  in  the  number  of  deaths  ascribed  to  croup,  from 
286  per  million  living  in  1859,  to  only  35  per  million  living  m 
1897.*    It  must  not  be  assumed,  however,  that  all  the  deaths 


•  The  Registrar-General  points  out  in  the  supplement  to  the  Fifty-fifth 
Annual  Report,  p.  xxvi.,  that  it  is  his  practice  "  to  class  under  the  head  of 
diphtheria  all  deaths  which  are  referred  to  '  membranous  croup,  deaths 
returned,  as  from  croup  simply,  being  referred  to  the  heading  '  croup 
among  diseases  of  the  respiratory  system." 
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recorded  as  croup,  during  those  years,  were  really  diphtheria  deaths, 
for,  as  Whitelegge  has  pointed  out,  the  seasonal  mortality  curve  of 
croup,  approximates  more  closely  to  the  laryngitis  curve,  than  to  that 
of  diphtheria.  Moreover,  "  croup  is  more  fatal  to  males  than  females 
upon  the  whole,  the  mortality  among  females  being  lower  up  t© 
fifteen  years  of  age.  The  highest  mortality  in  both  sexes  occurs 
in  the  second  year  of  life.  In  all  these  respects  'croup'  is  allied 
to  laryngitis  rather  than  diphtheria."  The  extent  to  which  trans- 
ference between  scarlet  fever  and  diphtheria  may  have  occurred 
since  1859  has  been  referred  to  by  Shirley  Murphy,  in  connection 
with  the  altered  age-incidence,  observed  since  1871,  in  the  last-named 
disease. 

The  death-rate  from  diphtheria,  recorded  in  England  and  Wales 
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FIG.  87.-DIPHTHERIA  IN  LONDON  (forty  years,  1861-1900). 
The  mean  line  represents  an  average  weekly  number  of  20  deaths. 
(.After  Shirley  Murphy.) 

in  1859  was  517  per  million  living;  this  rate  has  never  since  been 
attained;  the  mortality  declined  steadily  during  the  "sixties  »  •  but 
m  the  "seventies,"  "eighties,"  and  "nineties"  there  has  be^n  a 
tairly  steady  increase  in  the  recorded  rates,  with  some  tendency  to 
manifestations  of  increased  prevalence,  extending  over  a  few  years. 
In  1893,  a  year  of  high  prevalence,  a  mortality  of  318  per  million 
living  Avas  recorded. 

In^rmnce  of  aimate  and  Season.-The  disease  is  less  common  in 
the  tropics  than  in  temperate  and  cold  climates.  The  seasonal 
cur^  e.  Fig.  87,  shows  that  the  malady  tends  especially  to  prevail  in 

damp  weather  has  been  noted,  though  not  invariably,  elsewhere 

In'd  alLd     r"  r  ""^  'I  Perhaps  humidity 

and  allied  atmospheric   conditions  operate  rather  by  promoting 

24 


370 


MANUAL  OF  HYGIENE. 


individual  susceptibility,  than  by  directly  increasing  the  virulence 
of  the  diphtheria  germ.  Diphtheria  pi-esents  seasonal  variations 
of  age-incidence  and  fatality,  and  similar  phenomena  are  observed 
in  the  case  of  ncarlet  fever.  The  matter  has  been  discussed  by 
Shirley  Murphy,  in  the  Transactions  of  the  Epidemiological  Society 
for  1897-98.  • 

Longstatf  showed,  from  consideration  of  the  recorded  mortality 
of  the""  sixties,"  "  seventies,"  and  "  eighties,"  that  diphtheria  was 
especially  a  disease  of  sparsely  populated  localities.  He  prepared 
the  following  table  : — 


Districts  according  to  density  of 
population. 

1855-60. 

1861-70. 

1 

1871-80. 

Dense  districts,  or  those  with 
less  than  1  acre  per  person 

Medium  districts,  or  those 
with  from  1  to  2  acres  per 
person 

Sparse  districts,  or  those  with 
over  2  acres  per  person   . . . 



123 

182 
248 

163 

164 
223 

•  1 

114 

125 
132 

This  behaviour  of  diphtheria  led  Longstaff  to  conclude  that  "  the 
cause  or  causes  of  diphtheria  should  not  be  sought  for  primarily  in 
any  high  development  of  civilisation,  such  as  sewers ;  but  rather  in 
some  condition  associated  with  a  more  primitive  mode  of  Ufe." 
The  line  of  investigation  which  seemed  to  liim  most  promising,  lay 
in  comparative  pathology,  inasmuch  as  "  the  peasantry  Uve  on  terms 
of  great  intimacy  with  domestic  animals,  more  especially  Avith  cows, 
sheep,  pigs,  and  poultry,  including  pigeons."    In  the  final  decade  of 
the  last  century,  however,  diphtheria  conspicuously  invaded  the 
towns,  and  notably  the  metropolis.    It  has  been  thought  to  explain 
this  altered  behaviour,  as  resulting  from  increased  facilities  of 
communication,  or  from  the  aggregation  of  susceptible  children  m 
schools,  and  there  can  be  no  question  that  this  last  named  factor 
accounts,  at  any  rate,  in  some  part  for  the  phenomenon. 

Infiueivce  of  Sex  and  ^^e.— There  is  notable  excess  of  female 
mortality  from  about  the  third  year  of  life  to  the  thirty-fifth,  and  this 
has  been  explained  by  the  greater  exposure  of  women  to  mfection, 
incidental  to  tlieir  attendance  upon  the  sick ;  but,  as  Do^vnes  lias 
observed,  it  is   remarkable  that  tlie  excess  should  be  already 
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apparent  at  such  very  early  ages.  The  mortality,  taking  the  two 
sexes  together,  attains  a  maximum  at  the  age-period  3 — 4.  It  is 
markedly  less  under  one  year,  however,  than  at  the  other  ages  in  the 
0—5  age  group.  After  ten  years  of  age  the  mortality  falls  notably, 
and  it  becomes  comparatively  insignificant  after  the  fifteenth 
year.  The  altered  age-incidence,  which  was  manifested  during 
the  last  three  decades  of  the  nineteenth  century,  has  already 
been  commented  upon  in  connection  with  school  influence  (See 
p.  292). 

Cause  and  Dissemination. — The  bacillus,  first  described  by  Klebs, 
and  afterwards  studied  by  Loffler,  and'  known  as  the  Klebs-Lbffier 
bacillus,  has  of  late  years  come  to  be  regarded  as  the  cause  of 
diphtheria,  and  its  presence  in  the  throat  is  appealed  to  as  the 
final  test  of  the  existence  of  the  malady  in  particular  individuals. 
In  large  to^ras,  in  Avhich  diphtheria  is  constantly  present,  and 
among  communities  of  children,  in  school  outbreaks,  the  bacillus  has 
been  found  in  the  throat  in  quite  an  appreciable  percentage  of 
apparently  healthy  persons.  Again,  the  organism  may  persist  for 
several  weeks  after  the  appearance  of  the  fauces  becomes  normal. 
It  was  ascertained  in  ISTew  York  that  in  four  per  cent,  of  the  cases 
■examined,  the  bacillus  was  recoverable  for  fifteen  days,  and  in 
two  per  cent,  for  periods  of  from  three  to  five  weeks,  after  all 
traces  of  exudation  had  disappeared. 

At  one  time  diphtheria  was  commonly  supposed  to  be  spread 
by  sewer  and  drain  emanations ;  but  it  is  now  generally  accepted 
that  effluvia,  of  the  kind  referred  to,  operate  merely  by  bring- 
ing about  a  relaxed  condition  of  the  mucous  membrane  of  the 
throat,  and  thus  predisposing  persons  subjected  to  them  to  an  at- 
tack of  the  disease.  For  production  of  actual  diphtheria  the  specific 
germ  is  a  sine  quA  non,  and  the  possibility  of  its  transmission  by 
sewer  or  drain  air  has  not  been  demonstrated.  The  influence  of 
soil  and  rainfall,  and  the  spread  of  the  disease  by  the  agency 
of  milk,  have  already  been  fully  considered.  In  the  last-named 
connection,  the  question  of  the  existence  of  a  specific  cow  malady 
has  been  referred  to.  Other  animals,  moreover,  may  apparently 
be  afi-ected  by  the  disease;  thus,  it  has  been  described  as  occur- 
nng  from  time  to  time  in  the  cat.  Throat  afiections  which  have 
been  suspected  to  be  identical  in  origin  with  human  diphtheria 
have  been  observed  in  pigeons,  fowls,  and  other  birds,  and  instances 
have  even  been  recorded  in  which  such  afi^ections  have  prevailed  in 
association  with  human  diphtheria.  The  question  has  not,  how- 
over,  been  as  yet  satisfactorily  disposed  of.  The  operation  of  "  school 
influence,"  in  promoting  the  spread  of  diphtheria,  has  been  considered 
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(See  p.  289),  and  the  possibility  of  mischief  of  a  like  kind  being 
Ciiused  by  other  aggregations  of  persons,  as,  for  example,  of  soldiers 
in  barracks,  must  not  be  lost  sight  of. 

The  curious  way  in  which  cases  of  diphtheria  and  scarlet  fever 
occur  in  association  mth  one  another  is  noteworthy.  In  instances 
in  which  infective  throat  malady  affects  several  members  of  a 
family,  some  of  the  cases  may  present  examples  of  what  appears  to 
be  the  one  form  of  disease,  and  some  of  the  other.  Again,  m  milk 
outbreaks,  a  like  source  of  confusion  has  been  noted.  The  precise 
nature  and  origin  of  the  cases  of  so-called  "post-scarlatinal  diph- 
theria," has  been  the  subject  of  numerous  inquiries  of  late  years. 
Many'  of  these  cases  are  considered  to  represent  instances  of  tlie 
en-rafting  of  a  second  disease  during  recovery  from  the  first, 
but  the  question  does  not  seem  to  have  been  as  yet  completely 

cleared  up.  „       i  4.1, 

The  period  of  incubation,  in  diphtheria,  is  usually  only  two  or  three 
days,  but  it  may  extend  to  six  or  seven.    The  length  of  time  during 
which  cases  may  continue  to  be  infective  is  not  precisely  known. 
The  New  York  observations,  already  referred  to,  show  that  baciUi 
may  still  be   present  in  the  throat  after  a  number  of  weeks. 
Gresswell  has  been  led  to  conclude  that  in  some  individuals  diph- 
theria may  become,  so  to  speak,  chronic,  with  liability  from  time  to 
time  to  active  recrudescence,  as  the  result  of  exposure  to  cold 
damp,  etc.    It  was  supposed  until  recently  that  f  tac^  ^ 
diphtheria  conferred  no  immunity  against  subsequent  attack  but 
the  more  precise  study  of  the  malady,  which  has  been  made  of  late 
years  and  especially  since  the  bacteriological  test  has  been  applied, 
does  not  appear  to  bear  out  this  view. 

The  case-mortality  of  diphtheria  has  undergone  marked  reduction 
since  the  introduction  of  the  use  of  antitoxine.     The  question  o 
the  antitoxic  serum  treatment  has  already  been  -ferred  to  anc 
it  w-^s  very  fully  considered  in  the  Medical  supplement  to  the  Report 
or  1  e  y  ar  1896  of  the  Statistical  Committee  of  the  Metropolitan 
A  ^W^Board.    It  must  suffice  here  to  state  that  the  mortahty 
ti:Zl  l\n  cases  treated  in  hospital  in  l^M^a  P.— 
year),  as  compared  with  1896  (an  antitoxine  year),       ^9  6  per  cent 
L  Jliust  20  8.    The  mortality  under  five  fell  from  47-4  to  30  2  pei 
It  was  found,  in  dealing  with  the  cases  trea  ed  with  anti- 
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mortality,  according  to  the  day  of  the  disease  on  which  tlie  cases 
first  came  under  treatment. 


Pekcentage  Mortality  in  Relation  to  Day  op  Disease  on  which 
Cases  came  under  Treatment. 


Day  of  Disease. 

1894. 

1896. 

Difference. 

First  

22-5 

4-7 

17-8 

Second 

27-0 

12-8 

14-2 

Third  

29-4 

17-7 

11-7 

Fourth   

31-6 

22-5 

9-1 

Fifth  and  over 

30-8 

24-6 

6-2 

All  cases 

29-6 

20-8 

8-8 

It  is  thus  seen  "  that  the  percentage  mortality  of  cases  admitted 
on  the  same  day  of  the  disease  is  less  in  every  instance  in  the 
year  1896."  Moreover,  the  difference  is  most  marked  in  the 
patients  admitted  on  the  first,  second,  and  third  days  of  illness. 
Furthermore,  the  beneficial  efi"ect  of  antitoxic  serum  treatment 
was  found  to  be  specially  pronounced  in  laryngeal  and  tracheotomy 
cases.  In  practice  it  is  the  rule  to  inject  large  doses  (1,000  immu- 
nisation units)  as  early  as  possible,  and  in  severe  cases  somewliat 
larger  doses  (2,000  or  more  units)  may  be  given.  It  is  said  that 
post-diphtheritic  paralysis  has  been  of  more  frequent  occurrence  since 
the  introduction  of  serum  treatment ;  but  even  if  this  be  a  fact,  it 
must  be  borne  in  mind  that  a  larger  number  of  patients  reach  the 
stage  at  which  paralysis  is  apt  to  develop,  now  a  days,  than  was 
formerly  the  case.  Albuminuria,  too,  is  said  to  have  become  more 
common,  but  this  appears  doubtful.  Certain  minor  effects — ui-ticaria, 
joint  pains,  and  swelHngs,  etc.,  have  been  noted  as  being  produced  ; 
they  appear  to  be  attributable  not  to  the  antitoxine  itself,  but  to 
the  vehicle,  the  serum,  in  which  it  is  administered.  The  subject 
of  "  return  cases  "  will  be  referred  to  in  connection  with  scarlet  fever. 

In  diphtheria,  proper  isolation  and  thorough  disinfection  are 
specially  valuable  as  means  of  preventing  spread  of  infection ;  care 
is  particularly  necessary  in  dealing  with  discharges  and  expec- 
torated material,  and  disinfection  of  clothing,  bedding,  etc., 
should  be  thoroughly  carried  out.  Children  from  infected  house- 
holds, even  though  they  present  no  signs  of  illness  themselves, 
should  be  kept  away  from  other  children,  and  in  localities  where 
diphtheria  is  prevalent,  much  benefit  may  result  from  the  daily 
examination  of  the  throats  of  school  children,  Avith   a   view  to 
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isolation  of  any  suspected  case  at  an  early  stage.  The  necessity  for 
boiling  all  milk  given  to  children  need  not  again  be  insisted  upon. 
In  some  instances,  when  diphtheria  has  been  prevalent  in  a 
particular  locality,  antitoxic  serum  has  been  employed  with  a  \'iew 
to  preventing  an  attack  of  the  disease. 

Dysentery.  The  term  dysentery  possibly  includes  more  than 

one  form  of  specific  malady ;  thus,  as  Manson  points  out,  dysentery 
contracted  in  the  East  Indies  is  "  prone  to  eventuate  in  abscess  of 
the  liver,"  whereas  this  sequela  is  rare  in  the  dysentery  of  temperate 
climates  and  certain  tropical  countries,  e.g.,  the  West  Indies. 
Dysentery  at  the  present  day  is  pre-eminently  a  disease  of  the 
tropics.  In  the  time  of  Sydenliam,  Morton,  and  Willis,  it  seems  to 
have  been  common  enough  in  this  country.  Indeed,  Baly,  -svriting 
in  1847,  said:  "Two  hundred  years  ago  dysentery  was  one  of  the 
most  prevalent  and  fatal  diseases  of  London."  Baly's  account  of 
tlie  malady,  as  he  observed  it  at  tlie  Millbank  Penitentiary,  again 
brought  into  notice  what  appears  to  have  been  practically  a 
forgotten  disease.  It  is  now  recognised  that  dysentery  is  by  no 
means  confined  to  tropical  countries,  though  in  temperate  climates, 
as  a  rule,  it  only  excites  attention  in  connection  with  institutions, 
particularly  lunatic  asylums. 

Mott  and  Durham  in  their  report  on  "  Colitis,  or  Asylum  Dysen- 
tery," on  a  review  of  this  question,  say  :  "  Until  Ave  know  the  exact 
nature  of  the  essential  cause  in  diff"erent  countries,  we  shall  not^  be 
in  a  position  to  dogmatise,  but  it  seems  probable  that  such  distinc- 
tive and  similar  lesions  of  the  colon  must  be  determined  either  by 
identical,  or  by  very  closely  allied  agents.     It  is  hardly  credible 
that  the  same  disease  should  be  caused  by  amoebae  in  one  place, 
by  a  micrococcus  in  another,  and  by  a  variety  of  colon-like  bacilli 
in  others."    These  observers  altogether  reject  the  doctrine  that  the 
dysentery  of  lunatics  is  due  to  degeneration  of  the  intestinal 
nerves,  for,  they  say,  the  disease  is  not  limited  to  any  one  class  of 
mental  disorder ;  moreover,  it  affects  occasionally  persons  in  attend- 
ance upon  the  insane. 

The  cause  of  dysentery  remains  obscure.  Amoeba  coU  (or 
Amceba  dysenteriee)  has  been  found  in  the  stools  in  many  cases, 
but  does  not  occur  in  others.  It  has  been  assumed,  therefore,  that 
ohere  is  an  "  amoebic  dysentery  " ;  and  this  variety  of  the  disease,  in 
particular,  has  been  held  to  be  associated  Avith  abscess  of  the  liver. 
Moreover,  the  Amoeba  coli  has  been  found  in  liver  pus.  On  the 
other  hand,  amcebie  have  been  presumed  to  be  present,  merely,  as 
it  were,  by  chance,  inasmuch  as  in  some  places  in  which  dysentery 
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occurs,  amcebse  abound.  The  theory  has  also  been  advanced  that 
Jkicilhis  coli  is  capable,  under  certain  circunastances,  of  becoming 
a  pathogenic  organisn:i  and  causing  dysentery.  Again,  Durham  has 
isolated  a  micrococcus  from  the  organs  in  cases  of  asylum  dysentery. 

Dysentery  is  markedly  influenced  by  season.  In  Europe  it  has 
prevailed,  as  a  rule,  in  summer  and  early  autumn.  Soil  has  been 
held  to  also  exert  influence,  and  a  moist  and  polluted  sub-soil  has 
been  supposed  to  specially  favour  its  develoi^raent.  Clouston 
attributed  an  outbreak  at  the  Cumberland  asylum  to  sewage  emana- 
tions. As  regards  means  of  entrance  of  the  oi'ganism,  wliatever  its 
natui'e,  into  the  human  body,  water  has  repeatedly  fallen  under 
suspicion,  but  this  mode  of  origin  does  not  appear  to  have  been  conclu- 
si\-ely  demonstrated  in  any  one  instance.  Flies  have  been  regarded  as 
possible  agents  of  infection,  and  the  question  as  to  whether  some 
blood-sucking  insect  may  be  concerned  in  the  matter  has  been  raised. 
Predisposing  causes  (lowered  vitality,  errors  of  diet,  etc.)  seem  to 
play  a  very  important  part  in  favouring  the  occui-rence  of  dysentery. 

In  the  absence  of  further  knowledge  the  main  points  to  be  looked 
to,  in  connection  with  the  prevention  of  dysentery,  are  water 
supply,  the  dietaiy,  and  the  avoidance  in  institutions  of  insanitary 
conditions  and  overcrowding.  Strict  regard  to  cleanliness  is 
necessary  in  the  case  of  those  brought  in  contact  with  the  subjects 
of  dysentery,  and  the  stools  and  linen,  etc.,  used  by  patients,  should 
be  carefully  disinfected.  In  camps  the  proper  disposal  of  excreta 
must  be  carefully  looked  to. 

Enteric  Fever. — -This  disease  has  probably  prevailed  from  very 
early  times.  The  accounts  given  of  "fever"  in  the  seventeenth 
century  make  it  almost  certain  that  in  some  instances  the  illness 
described  is  what  is  now  known  as  enteric  fever,  and  it  becomes 
increasingly  clear,  in  the  eighteenth  and  in  the  early  part  of  the 
nineteenth  century,  that  such  an  inference  should  be  drawn.  In  the 
period  last  named  the  intestinal  lesions  were  described  by  Breton- 
neau,  Louis,  and  others,  but  there  was  still  confusion  as  between 
enteric  fever  and  typhus.  Ultimately,  towards  the  close  of  the 
first  half  of  the  nineteenth  century,  the  distinction  between  the  two 
maladies  was  established  owing  to  the  researches  of  a  number  of 
observers,  and  especially  of  Dr.  Stewart  and  Sir  William,  Jenner. 

The  deaths  from  enteric  fever  have,  however,  only  been  separately 
recorded  by  the  Registrar-General  since  1869.  In  the  earlier  years 
of  registration  the  death-rate,  as  a  rule,  was  not  far  short  of  400  per 
million  living,  but,  as  time  went  on,  fairly  steady  diminution  was 
noticeable,  and  since  1884  the  death-rate  lias  not  reached  200  per 
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million.  In  this  connection  the  inquiry  made  by  Buchanan  into 
the  effect  upon  mortality  from  various  causes,  including  enteric 
fever,  produced  by  the  carrying  out  of  sanitary  works,  and 
in  particular  of  works  of  drainage  and  water  supply,  may  be 
referred  to.  (See  p.  163.) 

Enteric  fever  is  a  widely  distributed  disease,  but  the  tropics 
appear  to  be  comparatively  free  from  it.  Its  prevalence  is 
markedly  influenced  by  season ;  the  annexed  figure  indicates  the 
behaviour  of  the  disease  in  London  on  the  average  of  a  number  of 
years. 
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Fig.  88.— Enteric  Fever  in  London  (thirty  years,  1871-1900). 
The  mean  line  represents  an  average  weekly  numher  of  fourteen  deaths. 

(,1/Jer  Shirley  Murphy.) 


The  case-mortality,  as  shown  by  hospital  statistics,  is  about 
15  per  cent.  Race,  ^;er  se,  seems  to  exercise  little  or  no  influence 
on  liability  to  enteric  fever.  As  regards  sex,  males,  between  5 
and  20  years  of  age,  are  somewhat  more  frequently  attacked 
than  females,  but  at  these  ages  the  viorUdity  among  females  is 
rather  higher  than  among  males.  The  disease  mainly  aff"ects  the 
ages  10—25,  and  particularly  the  age-period  15—20.  In  out- 
breaks of  enteric  fever  due  to  milk  and  other  articles  of  food, 
deviation  from  the  age-incidence  generally  observed,  in  enteric  fever 
attacks  as  a  whole,  may  be  noted. 

The  period  of  incubation  is  generally  about  a  fortnight,  but  it 
may  range  from  four  or  five  days  to  about  four  weeks.  It  is 
doubtful  whether  one  attack  affords  any  marked  degree  of  protec- 
tion against  subsequent  attacks.  It  may  be  noted,  moreover,  that 
relapses  are  of  common  occurrence. 

The  bacillus  first  discovered  by  Eberth,  and  afterwards  studied  by 
Gaffky,  is  almost  always  found  in  the  mesenteric  glands  and  in  the 
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spleen.  Its  demonstration  in  the  stools,  in  sewage,  and  in  specifically 
contaminated  water  is  beset  with  difficulty.  The  enteric  fever 
bacillus,  and  Bacillus  coli  and  its  allies,  grow  in  media  containing 
carbolic  acid,  and  can  be  tlius  separated  from  other  organisms ;  but 
Bacillus  coli  and  related  organisms  greatly  preponderate,  as  a  rule, 
among  the  colonies  which  develop,  and  the  isolation  of  Eberth's 
bacillus  from  such  foi-ms,  whicli  on  preliminary  study  are  well-nigh 
indistinguishable  from  it,  may  be  an  impossible  task. 

In  the  urine,  however,  of  some  25  per  cent,  of  the  sufferers  from 
enteric  fever,  the  organism  can  be  demonstrated,  and  in  that  fluid 
it  may  be  present  in  pure  culture.  Horton-Smith  pointedly  drew 
attention  to  this  fact  in  1897.  He  found  as  many  as  500  million 
bacilli  in  one  cubic  centimetre  of  urine.  Moreover,  this  "  typhoid 
bacilluria  "  may  persist  for  a  very  long  time ;  indeed,  a  case  was 
recorded  by  Gwynn,  in  which,  five  years  after  an  attack  of  enteric 
fever,  the  organism  was  obtained  in  the  urine  in  pure  culture. 
Urotropin  has  been  found  to  be  a  valuable  remedy  in  typhoid 
bacilluria.  Horton-Smith  advocates  its  use  throughout  the  disease 
and  for  some  weeks  after  convalescence  is  established,  and  this  course 
is  especially  desirable  with  a  view  to  preventing  spread  of  infection. 
The  administration  of  the  drug  requires  to  be  carefully  watched, 
as  albuminuria  and  htematuria  have  been  caused  by  its  use  in  a 
few  instances. 

The  discovery  of  tlie  fact  that  the  blood  serum,  soon  after 
the  commencement  of  an  attack  of  enteric  fever,  acquires  the 
property  of  gi\dng  a  specific  reaction  with  cultures  of  the  bacillus 
(Widal's  reaction)  has  greatly  facilitated  the  diagnosis  of  the 
disease.  ISTot  only,  moreover,  can  the  blood  of  a  suspected  case 
of  enteric  fever  be  tested  with  cultures  of  Eberth's  bacillus, 
but  the  serum  of  enteric  fever  patients,  or  of  an  immunised 
animal,  can  be  used  to  test  the  identity  of  an  unknown  organism 
which  it  is  thought  may  prove  to  be  the  bacillus  of  enteric 
fever.  ^  It  must  be  borne  in  mind  that  this  serum  test  is 
not  quite  decisive,  for  Durham  showed  that  Gartner's  bacillus 
{Bacillus  enter itidis)  reacts  to  the  serum  of  enteric  fever  patients, 
and  Lorrain  Smitli  isolated  from  Belfast  water,  which  was  presumed 
to  have  spread  enteric  fever,  and  also  from  the  spleens  of  patients 
who  had  consumed  this  water,  organisms  which  "clumped"  with 
enteric  fever  serum,  but  which  did  not  possess  all  the  characteristics 
of  Eberth's  bacilli.  Houston  records  having  isolated  "coli-like 
microbes  from  water  wliich  were  certaiiily  not  Bacillus  typhosus,  and 
could  not  be  classed  as  Bacillus  enter  itidis,  yet  which  '  clumped  '  in 
marked  fashion  with  one  or  other  or  both  sera." 
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Houston  concludes  tliat  "  all  coli-like  microbes  which  can  in  any 
wa^'  be  distinguished  from  Bacillus  typhosus  should  be  considered 
varieties  of  Bacillus  coli."    He,  further,  states  that,  "since  the 
introduction  of  the  serum  test,"  Bacillus  typhosus  "  has  not  been 
isolated  from  water  in  this  country,"  but  lie  adds  tliat  abroad  "they 
have  been  more  fortunate."    The  points  to  which  attention  must  be 
directed  in  distinguishing  Bacillus  tyj^hosus  from  Bacillus  coli  are 
enumerated  by  Houston.*   They  may  be  thus  briefly  summarised  : — 
The    tendency   of   Bacillus   typhosus  to  appear    as   long  thin 
rods,   which   are   actively  motile  and  possess  numerous  (about 
ten)    long  and  wavy  easily-stained  flagella ;  its  colourless  trans- 
parent growth  on  potato,  and  failure  to  form  gas  in  gelatine  "  shake 
cultures";  differences  as  compared  with  Bacillus  coli  when  gro-svn 
on  what  are  termed  the  Proskauer  and  Capaldi  media ;  failure  to 
form  indol  in  broth  cultures ;  exhibition  of  a  slightly  acid  reaction, 
and  absence  of  clotting  in  litmus  milk  cultures ;  failure  to  affect  the 
red  colour  of  neutral-red  tinted  media;  a  positive  serum  test; 
response  to  Pfeiffer's  test  (i.e.,  the  serum  of  a  typhoid-immunised 
animal  protects  against  a  lethal  dose) ;  finally  on  gelatine  and  other 
media  Bacillus  typhosus  manifests  less  rapid  and  luxuriant  growth 
than  Bacillus  coli. 

Some  varieties  of  Bmillus  coli  agree  with  Bacillus  tyj)host(s  in 
presenting  one  or  more  of  the  peculiarities  specified,  but  Bacillus 
typhosiis  possesses  them  all.  As  Houston  says,  by  using  these  tests 
microbes,  "  -vs^hich  in  the  past  would  almost  certainly  have  been  con- 
fused Avith  the  bacillus  of  enteric  fever,"  can  be  readily  differen- 
tiated from  it,  but  he  reiterates  Horton  Smith's  caution  to  the 
effect  that  an  unknown  bacillus  must  not  be  regarded  as  Bacillus 
typhosios  "  simply  because  it  responds  to  the  agglutination  pheno- 
menon, without  seeing  whether  it  answers  to  the  other  tests  for 
the  typhoid  bacillus." 

The  question  of  the  spread  of  enteric  fever  by  sewer  and  drain 
emanations  and  by  water,  milk,  shell-fish,  etc.,  has  already  been 
considered,  and  the  relation  of  the  disease  to  soil  has  also  been 
referred  to.  The  fact  that  tlie  bowel  discharges  and  the  urine 
coiitain  the  organism  suffices  to  explain  the  occasional  infection 
of  nurses  and  others  who  are  brought  in  contact  with  enteric 
fever  cases.  In  some  hospitals,  nurses  have  not  infrequently 
been  attacked;  in  others  the  infection  of  nurses  has  rarely  been 
observed.  The  question  of  age  may  have  played  a  part  in 
determining  these  differences.    It  is  notable,  moreover,  that  medical 
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men,  as  compared  Avith  nm-ses,  rarely  suffer ;  this  may  be  in  part 
explained  by  their  being  brought  into  less  intimate  relation  with 
soiled  linen,  etc.,  and  in  part  by  the  greater  care  exercised  by 
medical  men  in  cleansing  their  hands  after  they  have  examined 
a  patient. 

As  regards  prevention,  purity  of  Avater  supplies  is  undoubtedly  of 
the  first  importance.     The  fact  that  infection  is  not  infrequently 
conveyed  by  milk  is  a  reason,  among  others,  for  boiling  all  milk 
before  use.   Inasmuch  as  dissemination  of  enteric  fever  is  sometimes 
on  used  by  consumption  of  shell  fish,  etc.,  there  is  special  need  for  the 
exercise  of  care  with  regard  to  their  use  as  articles  of  diet.  The 
possibility  of  spread  of  the  disease  by  sewer  air  must  be  borne  in 
mind,  and  due  precaution  should  be  taken  with  regard  to  the  dis- 
posal of  excreta  in  connection  with  camps,  etc.    In  this  country  it 
has  been  often  noted  that  enteric  fever  incidence  is  greater  upon 
houses  vnth  dry  systems  of  removal  than  upon  water-closeted  houses, 
The  difference  may  be  partly,  at  any  rate,  due  to  varying  social 
conditions,  as  the  disease  tends  to  prevail  among  the  poor,  other 
things  being  equal,  to  a  greater  extent  than  among  the  well-to-do. 
It  may  be  noted  that  in  hot  countries  the  possibility  of  infection 
liemg  spread  by  dust  and  of  its  being  transmitted  by  flies  lias  been 
mooted.    Disinfection  of  the  stools  and  urine  of  patients  should 
be  scrupulously  carried  out,  and  those  in  attendance  should  be 
most  particular  with  regard  to  washing  in  disinfectant  solution  and 
carefully  cleansing  the  nails,  etc.,  before  toucliing  food. 

Anti-typhoid  inoculation  has  been  extensively  practised  since 
1896.  The  serum  of  persons,  who  have  been  inoculated,  is  found  to 
give  Widal's  reaction,  and  it  was  hoped  that  a  sure  means  of  protecting 
against  attack  by  enteric  fever  had  been  discovered.  Favourable 
results  were  in  the  first  instance  reported  from  India,  but  in  South 
Africa  the  measure  of  success  obtained  appears  to  have  been  less 
complete. 

Erysipelas.— Tliis  disease  has  been  known  since  early  times, 
and  it  occurs  all  over  the  world,  but  only  comparatively  infre- 
quently in  the  tropics.  In  England  the  average  death-rate  per 
million  living  has  not  greatly  A-aried  during  registration  times, 
tliough  it  has  shown  some  tendency  to  diminish  in  recent  years, 
riie  close  correspondence  between  cyclical  manifestations  of  high 
mortality  from  erysipelas  and  from  puerperal  fever,  the  relation 
observed  between  those  cycles  and  periods  of  high  mortality  from 
certain  other  diseases,  and  their  inverse  relationship  to  periods  of 
excessive  rainfall,  have  already  been  referred  to  (See  p.  168), 
Hirsch  points  out,  as  regards  puerperal  feAer  and  erysipelas- tliat 
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the  two  diseases  often  prevail  coincideutly  in  lying-in  institutions ; 
that  women  in  labour  who  liave  been  attended  by  persons  sulfering 
from  erysipelas  liave  taken  puerperal  fever ;  conversely,  that  doctors, 
nurses,  etc.,  and  newborn  infants,  associated  with  puerperal  fever, 
have  developed  erysipelas ;  and  furtlier,  that  puerperal  fever  some- 
times appears,  as  it  were,  "to  develop  from  an  erysipelas  whicli 
mostly  arises  in  the  lacerated  vaginal  mucous  membrane." 

Erysipelas  is  more  fatal  in  the  colder  months,  and  its  seasonal 
curve  corresponds  fairly  closely  with  that  of  puerperal  fever. 
Nearly  30  per  cent,  of  all  the  recorded  deaths  from  erysipelas  occur 
during  the  first  year  of  life,  and  the  mortality  is  particularly 
excessive  in  infants,  from  0  to  3  months  old. 

The  organism  which  causes  erysipelas  was  isolated  by  Fehleisen, 
who  named  it  the  Streptococcus  erysipelatosus  ;  it  can  be  cultivated, 
and  by  inoculation  of  the  material  obtained  from  cultures,  erysipelas 
can  be  produced  in  rabbits.  The  disease  is  probably  always  induced 
by  inoculation,  though  the  point  of  entrance  of  the  organism  cannot 
be  detected  in  all  instances.  Cases  in  wHch  the  site  of  introduction 
of  infection  was  not  apparent  were  denominated  at  one  time  "  idio- 
pathic," to  distinguish  them  from  the  ordinary  "traumatic"  erysipelas. 

The  incubation  period  is  generally  three  or  four  days.  An  attack 
of  the  disease  appears  rather  to  predispose  to,  than  to  protect  against, 
subsequent  attacks;  perhaps  the  more  correct  interpretation  of 
the  facts  observed  would  be  to  say  that  some  persons  appear 
especially  prone  to  be  attacked  by  the  malady.  Outbreaks  of 
erysipelas— for  example,  that  at  the  EadcUflfe  Infirmary,  investigated 
by  Netten  Badcliffe— have  been  associated  with  drainage  emanations. 
There  can  be  no  doubt  that  the  occurrence  of  erysipelas  in  hospital 
wards  has  been  materially  controlled  by  the  improvement  of  sanitary 
conditions  and  the  strict  enforcement  of  cleanliness.  Cases  of  the 
disease  should  be  isolated,  and  careful  disinfection  should  be  carried 
out. 

Glanders,  Farcy  (Latin,  Malleihs  or  ^^^itMiia)-— This  disease 
has  been  known  in  horses  since  ancient  times ;  the  fact  that  it  is 
contagious  appears  to  have  been  first  recognised  in  the  seventeenth 
century.  In  1882  the  Bacillm  mallei  ^vi^^  shown  by  Loffler  and 
Schiitz  to  be  the  cause  of  the  disease.  Glanders  is  widely  distributed 
tliroughout  Europe,  and  occurs  in  parts  of  North  and  South 
America;  cases  have,  of  late  years,  been  reported  from  South 
Africa  and  from  the  East  Indies.  It  occurs  in  the  horse,  mule,  and 
donkey,  and  is  in  rare  instances  communicated  to  other  animals 
and  to  man,  usually  by  direct  infection  from  nasal  discharges,  either 
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by  inlialatiou  or  by  inoculation  through  a  scratch  on  the  skin. 
Nocard  regards  the  intestinal  tract  as  the  chief  site  of  entry  of 
infective  material  in  horses. 

In  the  horse  the  incubation  period  is  from  three  to  eight  days< 
Nasal  discharge  appears  a  day  or  two  after  the  onset  of  the  malady, 
and  in  acute  glanders  the  disease  reaches  its  height  rapidly,  the  nasal 
mucous  membrane  becoming  extensively  ulcerated,  the  submaxillary 
glands  enlarged,  and  the  lymphatics  of  the  face  "  corded  "  (farcy) ; 
the  lungs  generally  become  affected  by  metastasis,  and  dyspnoea  and 
death  from  suffocation  speedily  supervene.  In  farcy  the  charactei'istic 
appearances  are  due  to  inflamed  lymphatic  vessels,  which  can  be  felt 
as  cords  and  nodules  ("  farcy  buds  ")  beneath  the  skin.  In  chronic 
glanders  the  onset  is  insidious :  cough,  enlarged  glands,  and  other 
symptoms  may  precede  the  development  of  nasal  discharge,  and 
corded  lymphatics  may  be  noted  in  connection  with  affected  parts* 
The  disease  may  last  for  months  or  years. 

In  man  the  usual  incubation  period  is  three  to  eight  days,  but 
it  may  extend  to  three  weeks.  Headache,  "  rheumatic  pains," 
(edematous  swellings,  an  inflamed  condition  at  the  site,  if  there 
be  one,  of  inoculation,  and  gastro-intestinal  symptoms  may  be  noted. 
Nodules  which  subsequently  break  down,  and  ulcerate  may  appear 
under  the  skin,  and  the  nasal  mucous  membrane  may  also  be  affected, 
though  this  is  less  frequent  than  in  the  case  of  the  horse.  The 
lungs  are  usually  involved,  and  oedema  of  the  glottis  may  supervene  < 
The  chronic  form  of  the  disease  is  rarely  met  with  in  the  human 
subject.  The  average  number  of  deaths  registered  as  due  to  glanders 
in  man  in  this  country  is  about  four  a  year. 

The  diagnosis  of  glanders  in  horses  has  been  greatly  facilitated 
by  introduction  of  the  "  mallein  "  test ;  reaction,  with  rise  of  tem- 
perature (1-5°  to  2-5°  C),  persisting  for  twenty-four  hours  or 
more,  is  in  the  case  of  glandered  horses  produced  by  doses  which 
have  no  appreciable  effect  on  healthy  animals.  A  reaction  is 
sometimes  observed,  however,  in  animals  which  are  the  subject  of 
disease,  but  which  are  not  glandered.  In  case  of  doubt  the 
mallein  test  is  checked  by  application  of  what  is  known  as  the 
Straus  test,  which  consists  in  inoculating  a  male  guinea-pig  intra- 
peritoneally  with  suspected  pus,  gland  juice,  or  nasal  discharge) 
characteristic  orchitis  is,  as  a  rule,  set  up  in  the  guinea-pig  if 
glanders  be  in  question. 

If  glanders  is  present  in  a  stable,  all  diseased  animals  should 
be  destroyed,  and  those  apparently  healthy  should  be  isolated  and 
tested  ^vith  mallein.  The  carcases  of  slaughtered  animals  must  not 
be  cut  up,  but  should  be  destroyed  by  fire,  or  treated  in  a  digestor, 
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or,  if  this  is  iinpracticablo,  they  slioulcl  be  buried  at  least  six  feet 
beneath  the  surface  of  the  ground,  and  covered  with  quicklime. 
The  stables,  liarness,  troughs,  buckets,  etc.,  should  all  be  thoroughly 
disinfected.  The  need  for  scrupulous  care  on  the  part  of  persons 
brought  in  contact  with  infected,  or  suspected,  horses  cannot  be 
too  strongly  insisted  upon. 

An  Order  of  tlie  Board  of  Agriculture  of  1892  provides  for 
compensation  on  slaughter,  and  gives  powers  for  securing  examination 
of  horses  and  for  enabling  local  authorities  to  dispose  of  infected 
carcases.  A  Departmental  Committee  reported  on  glanders  in  1899 
p,nd  recommended — that  notification  of  the  disease  should  be  obliga- 
tory upon  veterinary  surgeons,  and  upon  owners  of  knackers'  yards 
in  the  event  of  glandered  animals  being  taken  to  their  premises  for 
slaughter ;  that  the  slaughter  of  animals  showing  clinical  symptoms 
of  glanders  should  be  made  compulsory ;  and  that  compensation  for 
horses  slaughtered,  solely  on  account  of  reaction  to  the  malleiu  test, 
should  be  on  a  higher  scale  than  in  the  case  of  horses  presenting 
clinical  symptoms  of  the  disease. 

Hydrophobia  is  the  disease  occasionally  produced  in  human 
beings  who  have  been  bitten  by  a  dog  or  other  animal  affected  with 
f  rabies."  Wolves,  jackals,  and  foxes  may  be  the  subjects  of  rabies  : 
cats  are  very  rarely  attacked ;  certain  of  the  herbivora  may  be  in- 
fected experimentally  or  as  the  result  of  a  dog-bite.  An  outbreak 
occurred  among  deer  in  1889.  In  dogs  the  incubation  period  of 
rabies  is  from  three  to  six  weeks,  and  the  disease  is  marked  either 
by  a  condition  of  maniacal  excitement,  or  more  rarely  paralytic 
symptoms  are  especially  pronounced  ("dumb  madness").  In  the 
jnaniacal  form,  paralysis,  notably  of  the  lower  jaw  and  of  the  hind 
quarters,  supervenes  after  a  few  days,  and  the  disease  terminates 
fatally  at  the  end  of  about  a  week. 

In  man  the  incubation  period  is  generally  about  six  weeks:  it 
may  be  as  short  as  eleven  days,  and  on  the  other  hand  may,  it  is 
said,  extend  to  four  years.  There  is  sometimes  pain  at  the  site  of 
the  scar  caused  by  the  bite,  and  accompanying  enlargement  of  the 
neighbouring  lymphatic  glands.  Tlie  cliaracteristic  dread  of  the 
tliought  of  drinking  water  is  usually  early  developed,  delirium 
and  mania  commonly  supervene,  and  most  distressing  spasm  of  the 
throat  muscles  may  be  induced  when  the  attempt  is  made  to  swallow. 
Paralytic  symptoms  soon  appear,  and  the  case  usually  proves  fatal  in 
three  or  four  days. 

Hydropliobia  occurs  in  almost  all  parts  of  the  world.  In  England 
some  counties  have  suffered  more  than  others ;  London  has  yielded 
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a  considerable  percentage  of  tlie  total  number  of  cases.  From  1838 
onwards  the  deaths  ascribed  to  hydrophobia  in  the  metropolis  liave 
averaged  about  thi-ee  or  four  annually.  In  some  years  no  deatli 
has  been  recoi'ded ;  in  1885  there  were  twenty-seven.  Cases  occur 
rather  more  commonly  in  July,  August,  and  September  than  at 
other  times  of  the  year. 

Pasteur's  treatment  by  preventive  inoculation,  with  material 
derived  from  the  spinal  cords  of  rabbits,  has  been  extensively 
practised.  The  spinal  cord  of  a  rabbit  which  has  been  rendered 
rabid,  contains  the  virus  in  an  intensified  form,  but  by  exposing  the 
cord  to  dry  air  its  virulence  becomes  weakened,  and  after  some  days 
it  may  be  emplo3'-ed,  as  Pasteur  showed  by  experiments  performed 
in  dogs,  for  the  purposes  of  preventive  inoculation.  As  a  rule,  in- 
jections of  material  derived  from  a  cord  dried  for  fourteen  days  are 
first  made,  then  material  from  cords  which  have  been  dried  a  less 
and  less  number  of  days  is  employed,  the  treatment  lasting 
altogether  about  a  fortnight.  "Intensive  treatment"  is  adopted 
in  exceptionally  severe  cases. 

The  case-mortality  of  patients  treated  at  the  Pasteur  Institute,  in 
Paris,  is  about  -5  per  cent,  (excluding  deaths  occurring  during  treat- 
ment, or  Avithin  fifteen  days  of  the  last  inoculation).  The  natural 
case-mortality  among  persons  bitten  by  rabid  animals  is  very  diffi- 
cult of  ascertainment,  but  it  is  said  that  15  per  cent,  develop 
hydrophobia,  and  the  disease  is  almost  necessarily  fatal.  It  appears 
legitimate  to  assume,  therefore,  that  a  far  higher  percentage  of 
tleaths,  than  that  recorded  at  the  Pasteur  Institute,  would  occur  in 
the  absence  of  treatment.  Rabies  can  be  completely  stamped  out 
by  rigorous  enforcement  of  muzzling.  This  has  been  proved  in 
Sweden  and  in  Berlin ;  in  England  also  excellent  results  have  been 
obtained,  but  there  has  been  a  tendency  to  abandon  the  regulations 
as  soon  as  a  marked  impression  on  the  prevalence  of  the  disease 
has  been  produced.  In  1899  and  1900  no  deaths  from  hydrophobia 
were  reported  in  the  whole  of  England. 

Influenza. — Hirsch  says  this  disease  "may  be  followed  into 
the  remotest  periods  from  which  we  have  any  epidemiological 
record  at  all,"  and  he  gives  a  list  of  epidemics  Avhich  have  been 
observed  in  various  parts  of  the  globe,  from  the  twelfth  century  on- 
wards. In  England  the  malady  was  prevalent  during  the  last  cen- 
tury, and  outbreaks  occurred  in  1803,  in  1833,  and  in  1837-38. 
During  the  early  years  of  the  period  of  registration  considerable 
numbers  of  deaths  from  influenza  were  recorded ;  thus  there  were 
over  1,000  in  1840  and  in  1841.    In  1847-48  the  disease  Avas  much 
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more  widely  prevalent ;  iiuleed,  in  the  latter  year  the  mortality  was 
nearly  8,000.  From  tliis  time  onwards  until  18G0,  more  than  1,000 
deaths  were  registered  in  each  year,  while  in  1851  the  number 
was  2,000,  and  in  1855  the  number  3,500  was  exceeded.  Thus,  fol- 
lowing upon  the  1847-48  outbreak,  came  a  series  of  years  of  marked 
though  lessened  influenza  mortality. 

After  1860  the  influenza  deaths  did  not  again  exceed  1,000  in 
any  one  year  until  the  commencement  of  the  recent  prevalence, 
which  dates  from  1890.  During  the  "  sixties  "  and  "  seventies  "  the 
mortality  was  notably  diminished,  occasional  sliglitly  marked  exacer- 
bations were,  however,  observed.  During  the  "  eighties  "  the  number 
of  deaths  recorded  was  comparatively  trivial,  and  probably  a  con- 
siderable number  of  these  were  not  really  due  to  influenza  at  all. 
In  the  first  year  of  the  great  epidemic  of  the  "nineties"  4,523 
deaths  were  registered;  in  1891  the  number  amounted  to  16,686; 
in  1892  there  was  again  high  mortality;  there  was  evidence 
of  abatement  in  1893  and  1894;  but  in  1895  the  deaths  were  in. 
marked  excess ;  the  two  following  years  again  showed  diminution. 
The  closing  years  of  the  century  were  years  of  high  mortality, 
the  deaths  recorded  in  1900  being  not  far  short  of  the  number 
registered  in  1895. 

"influenza  has  an  almost  world-wide  distribution,  and  appears  to  be 
practically  uninfluenced  by  race,  soil,  climate,  or  season.  Parsons 
has  pointed  out  that  in  passing  over  the  northern  hemisphere  the 
epidemic  waves  of  influenza  have  travelled,  as  a  rule,  from  east  to 
west ;  they  have,  moreover,  spread  along  the  chief  Hnes  of  human 
intercourse,  and  have  not  travelled  faster  than  human  beings  could 
travel.  In  each  country  the  disease  "has  appeared  first  in  the 
capital,  or  the  ports  of  entry,  or  the  frontier  towns  in  communication 
with  countries  previously  invaded."  The  persons  brought  much  in 
contact  with  others  have  been  the  first  to  suflter,  and  the  disease 
has  specially  prevailed  in  institutions  and  in  large  establishments, 
where  considerable  numbers  of  persons  are  collected  together.  Hence 
Parsons  concludes  that  the  disease  is  "  propagated  mainly,  perhaps 
entirely,  by  human  intercourse."  As  he  remarks,  however,  it  is  not 
to  be  denied  that  the  contagion,  once  imported  into  a  locality,  may 
propagate  itself  outside  the  human  body.  The  causes  which  deter- 
mine the  re-awakening  of  the  disease  into  activity  after  it  has  spent 
its  first  force  in  any  particular  place  are  not  understood. 

The  case-mortality  of  influenza  is  difiicult  to  gauge.  Parsons 
found  in  1890  that  1-6  per  1,000  of  the  patients  treated  for 
influenza  at  eight  large  London  hospitals  died.  The  mortality 
returns  show  that  during  years  when  deaths  returned  as  due  to 
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influenza  are  in  excess,  those  ascribed  to  pneumonia  and  bronchitis, 
and  to  some  other  diseases,  also  show  increase,  and   there  can 
be  no  doubt  that  many  of  these  deaths  are  really  due  to  influenza. 
The  Registrar-General  estimates  that  during  the  four  years,  1890— 
1893,  influenza  was  really  accountable  for  some  125,000  deaths  in  this 
country.    During  1890  a  large  percentage  of  the  recorded  influenza 
deaths  occurred  at  the  ages  40  to  60,  and  it  has  been  pointed  out 
that  in  1847-48  the  disease  showed  a  greater  tendency  to  prove 
fatal  in  young  children,  and  in  persons  over  60,  than  was  the  case  in  the 
later  outbreak  {See  p.  436).    Some  people  suflfer  from  influenza  again 
and  again,  but  in  the  majority  of  persons  an  attack  seems  to  confer 
immunity  of  a  more  or  less  lasting  character;  even  those  who 
undergo  repeated  attacks  appear  to  acquire  a  temporary  protection 
after  passing  through  one  of  them,  and  later  attacks,  generally 
speaking,  show  gradually  diminishing  intensity.     The  period  of 
incubation  is  probably  from  one  to  three  days. 

Pfeifi-er  in  1892  discovered  a  bacillus  which  is  almost  constantly 
present  in  the  sputum,  and  is  not  found  in  any  other  disease.  It  can 
be  cultivated  on  artificial  media.  It  has  been  held  that  a  disease 
knoAvn  as  "pink  eye,"  which  afl;ects  horses,  is  really  influenza,  and 
domestic  animals  have  been  observed  to  be  attacked  concurrently 
A\ith  the  appearance  of  the  disease  in  a  household;  but  nothing  is 
certainly  known  concerning  influenza  in  the  lower  animals. 

The  ordinary  preventive  measures  cannot  be  applied  to  influenza  • 
during   epidemics  large   numbers  of  persons  are   attacked,  and 
of  these-  a  considerable  percentage  are  adults,  many  of  whom  are 
unwilling  even  to  submit  to  confinement  to  the  house  Whole 
households  may  be  suddenly  stricken  down,  and  to  carry  out  com- 
plete isolation  IS  altogether  impracticable.     Some  advantage  may 
accrue  from  isolation  of  early  cases,  and  confinement  to  bed  is 
indicated,  as  a  rule,  in  the  interest  of  the  patient,  even  if  it  serve  no 
good  purpose  in  checking  spread  of  the  disease.    Avoidance  of 
crowded  assembly  rooms,  public  places  of  meeting,  etc.,  during 
epidemics  of  influenza  is  advisable.    Sputa,  etc.,  should  be  dis- 
infected. 

Leprosy.— This  disease  is  known  to  have  existed  in  Egypt  India 
and  China  at  a  very  remote  period,  but  it  would  appear  to  have 
been  introduced  into  Greece  after  the  time  of  Hippocrates,  and  it 
was  not  well  known  m  Europe  generally  until  the  end  of  the  seventh 
century,  a  d.  It  had  spread  widely  before  the  end  of  the  eleventh 
century;  hence  the  notion  that  it  was  introduced  by  returned 
crusaders.     Leper-houses  were  extensively  brought  into  use  in 
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the  twelfth,  tliirtooiith,  and  fourteenth  centuries,  and  cases  of  the 
disease  were  isolated  on  a  large  scale.  The  diminution  in  prevalence 
of  leprosy  in  Europe,  in  tlie  centuries  succeeding,  has  been  attri- 
buted to  this  practice  ;  Koch  speaks,  for  example,  of  the  "  rigorous 
isolation  in  the  numerous  leper-houses,"  and  says,  "  the  consequence 
was  that  leprosy,  which  had  spread  to  an  alarming  extent,  was 
completely  stamped  out  in  Central  Europe." 

The  disease  did  not  finally  disappear  from  Great  Britain  until 
the  end  of   the  eighteenth  century.      It  is   still   met  witli  in 
Norway  (where,  however,  the  number  of  lepers  is  said  to  have 
decreased  from  2,833  in  1856  to  321  in  1895),  and  it  occasionally 
occurs  in  other  countries  of   Europe,  particularly  in  the  south- 
eastern portion  of  the  Continent.    Throughout  almost  the  whole 
of  tropical  Asia  the  disease  is  prevalent,  in  India  there  are  up- 
wards of  100,000  lepers,  and  there  are  probably  more  in  China; 
it  is  widely  distributed  on  the  African  Continent,  and  occurs 
in  Madagascar,  Mauritius,  and  Reunion;  the  east  side  of  South 
America  is  said  to  be  more  severely  afi"ected  than  the  west  side  ; 
North  America  is  comparatively  free  from  the  disease.     In  the 
Sandwich  Islands  and  New  Caledonia  leprosy  seems  to  have  been 
unknown  until  recent  years ;  once  introduced  it  has  spread  widely. 

As  regards  the  distribution  of  the  varieties  of  leprosy,  "  lepra 
tuberosa"  or  tubercular  leprosy,  "  lepra  maculo-anfesthetica"  or  nerve 
leprosy,  and  the  "  mixed  "  form,  it  has  been  suggested  that  cUmate 
has  influence,  nodular  leprosy  being  more  common  in  cold,  damp 
climates,  and  the  nerve  form  in  warm  or  dry  climates.  Another 
theory  attributes  differing  manifestations  of  the  disease  to  variations 
in  the  number  of  bacilli  present.    The  incubation  period  of  leprosy  is 
said  to  range  from  a  few  weeks  to  years.    The  disease  is  rare  in  young 
children,  and  in  most  instances  commences  between  10  and  30  years 
of  age     Sex  and  occupation  seem  to  have  no  special  predisposing 
influence.    The  malady  was  generally  held  in  former  times  to  be 
hereditary,  but  there  is  no  evidence  that  such  is  the  case,  indeed, 
in  the  light  of  modern  knowledge,  this  supposition  is  exceedingly 

improbable.  . 

Hansen's  discovery  of  the  BaciUit^  leprae  has  materially  changed 
the  point  of  view  as  regards  leprosy.  The  bacillus  is  universally 
present  in  the  disease,  and  absent  in  persons  free  from  leprosy;  it 
resembles  somewhat  in  its  appearance,  and  in  being  "  acid-fast,  the 
tubercle  bacillus,  but  differs  from  the  latter  in  certain  points  of 
detail  as  regards  staining  (it  takes,  and  also  parts  ^^^th,  carbol-fuchsin 
more  readily),  and  as  regards  its  arrangement  and  appearance  m 
the  tissues ;  moveovev,  it  has  not  been  successfully  cultivated,  and  tho 
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results  of  inoculation  of  animals  are  markedly  diflerent.  The  fact 
that  the  leprosy  bacillus  cannot  be  cultivated  in  artificial  media  or 
inoculated  in  animals,  makes  it  impossible  to  apply  the  final  tests 
prescribed  by  Koch. 

It  has  been  claimed  that  leprosy  has  been  inoculated  in  man,  but 
the  evidence  in  the  one  case  in  which  symptoms  have  developed 
subsequent  to  inoculation,  is  not  at  all  conclusive,  as  the  man  had 
lived  among  lepers,  indeed,  members  of  his  own  family  were  affected. 
The  results  of  inoculation  have  in  other  cases  been  entirely  negative. 
If  the  bacillus  be  regarded  as  the  cause  of  the  disease  it  is  diflficult 
to  understand  how  leprosy  can  be  hereditary,  in  the  ordinary  sense 
of  the  word,  though  apart  altogether  from  the  bacillus  there  is  little 
to  be  said  for,  and  much  against,  the  heredity  hypothesis. 

Various  kinds  of  food,  and  particularly  fish,  have  been  held  to 
cause  leprosy,  but  no  conclusive  evidence  is  forthcoming  under  this 
head.  The  general  opinion,  nowadays,  is  that  leprosy  is  communicated 
from  person  to  person  by  contagion,  and  certain  concrete  instances 
supporting  this  conclusion  have  been  recorded;  for   example,  a 
case  of  the  disease   occurred  in  Dublin,   and  the  patient  had 
never  been  out  of  the  United  Kingdom,  but  had  been  in  intimate 
relation  with  a  brother,  who,  after  acquiring  leprosy  abroad,  had 
returned  to  Dublin.   The  fact  that  attendants  in  leper  asylums  are 
rarely  attacked,  and  the  failure  of  numerous  attempts  to  inoculate 
the  disease,  have  been  cited  as  reasons  for  disbelieving  in  personal 
infectiveness ;  but  neither  of  these  arguments  can  be  deemed  con- 
clusive, and  in  the  existing  state  of  knowledge  isolation  must  be 
regarded  as  the  mainstay  of  prevention.    In  Korway  segregation  is 
not  rigorously  carried  out,  but  the  putting  in  practice  of  the  modified 
system  at  present  in  force,  has  been  followed  by  diminution  in  the 
prevalence  of  the  disease.     In  India  and  China  the  difficulties, 
financial  and  other,  of  isolation  on  a  comprehensive  scale  have  not 
hitherto  been  surmounted. 


Malta  Fever.     Mediterranean  Fever.     Febris  Un- 

dulans.— This  disease  is  not  confined  to  the  Mediterranean  but 
has  been  found  to  occur  in  India,  China,  and  the  West  Indies. 
Until  recent  years  it  has  not  been  recognised  as  a  distinct  malady, 
but  has  been  confounded  with  enteric  fever,  malaria,  etc.  The 
early  symptoms  are,  as  a  rule,  similar  to  those  of  the  onset  of  enteric 
fever ;  transitory  joint  swellings  may  later  be  developed,  and  the 
behaviour  of  the  temperature  is  stated  to  be  peculiarly  character- 
istic. Hughes  describes  a  "malignant,"  an  "undulating,"  and 
an  "intermittent"  type  of  the  malady.    The  period  of  incubation 


388  MANUAL  OF  HYGIENE. 

varies  from  six  clays  to  a  fortnight.  As  regards  age  children  hut 
not  very  young  children,  are  found  to  be  specially  susceptible. 
The  time  of  greatest  prevalence  in  Malta  is  during  the  summer 
months  The  fatality  does  not  exceed  two  per  cent.,  but  great 
debility,  anemia,  and  neuralgia  are  apt  to  supervene  after  an 

Bruce  in  1887,  isolated  an  organism,  the  Micrococcus  melitensis, 
from  the  spleen  (an  organ  which,  in  fatal  cases,  is  usually  found  to 
be  soft  and  swollen).     Injection  of  pure  cultures  of  this  orgamsm 
produced  a  similar  disease  in  monkeys  and   the  characteristic 
symptoms  in  men.    The  organism  is  very  sparsely  distributed  in 
human  blood.      Wright  showed,  in  1897,  that  the  phenomena  o 
agc^lutination  are  markedly  displayed,  on  treatment  of  cultures  of 
the  organism  with  the  serum  of  persons  affected  with  the_  disease 
This  important  discovery  has  immensely  facilitated  diagnosis  of  the 
disease  fthe  reaction  is  manifested  at  the  end  of  the  first  week,  and 
persists  long  after  recovery. 

Malaria  -This  disease  was  known  to  the  Greeks  and  Komans; 
Hi"es  discussed  its  relation  to  season.     In  the  srxteent 
Seventeenth,  and  eighteenth  centuries  it  received  some  rneasure  o 
attention,  .^i  it  agL  figures  in  the  works  of  medical  write^;  >  ■ 
noteworthy  that  Sydenham  and  others  m  this  country  seem  to  1  a,  e 
freouently  encountered  it.    In  the  middle  of   the  last  century 
V  r'chow  studied  the  pigment  observed  on  post-mortem  e-mrnatr  n 
of  malaria  cases,  and  at  about  this  time  the  snspcjon  W-- ^ 
been  already  entertained,  by  various  observers,  that  the  d  sease  -.as 
due  to  nvaLn  of  the  body  by  some  lowly  orgamsm;  rt  >s  mter- 
e^t  ng  to  note  that  the  suggestion  that  the  mosqnrto  was  coneerned 
irUducing  malaria  was  definitely  put  forward  as  early  a  1848. 
Eebs  and  lommasi-Crudeli,  in  1879,  contended  that  a  baoUus  was 

attention  to  the  P-nce  of  "  crescents^ 

in  the  bloo'd  of  malaria  patients,  and  he  — ^^j/Xthtn  , 
"amccboid  form"  of  the  organism  and  also  some  of  the  chan,,es 
w  crescents  undergo  ;  he  thus  laid  a  to-dari„  wh, 

SiX""  -  dL-ent  ^^^f^z:^:^ 

and  tertian  agues,  and  showing  the  relation,  of  stages  ot  tnei 
fth:bIood,'to  the  periodicity  of  the  I'^^-^^lPl  m  1  rial 

p^ it:t  i!' svrriditi:    » of 
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development,  one  cycle  occurring  in  man,  the  other  possibly  in  some 
suctorial  insect. 

The  Mosquito  Theory—In  1894  Manson,  who  had  years  previously 
worked  out  the  relation  of  the  mosquito  to  filariasis,  suggested  that  this 
insect  also  played  an  important  part  in  disseminating  malaria.  The 
need  of  explaining  the  conveyance  of  the  parasite  from  man  to  man 
was  obvious  in  malaria,  as  it  had  been  in  filariasis ;  the  geographical 
distribution  of  Filaria  nocturna,  as  Manson  pointed  out,  corresponded 
with  that  of  malaria,  suggesting  that  the  mosquito  might  equally 
serve  for  transmitting  the  parasite  of  malaria  as  well  as  that  of 
filariasis ;  the  association  of  the  mosquito  with  swamps,  and  with 
high  atmospheric  tsmperatures,  and  its  nocturnal  habits,  all  tended 
to  confirm  the  hypothesis;  moreover,  the  crescents  of  malarial 
blood,  when  remov  ed  from  the  body,  had  been  found  to  undergo 
development  and  to  become  jjossessed  of  flagella,  and  this  acquirement 
of  locomotive  and  penetrating  faculty  led  Manson  to  conclude  that 
here  was  the  initial  phase  of  the  mosquito  cycle  of  development. 

Surgeon-Major  Eoss  took  up  the  study  of  the  mosquito  theory; 
working  at  first  with  the  ordinary  mosquito  (Culex),  he  was  merely 
able  to  show  that  the  development  of  the  "  flagellated  body  "  took 
place  somewhat  more  readily,  in  the  stomach  of  the  insect,  than 
under  the  ordinary  circumstances  in  which  the  behaviour  of  the 
crescents,  in  a  drop  of  blood  taken  from  man,  could  be  watched  On 
expenmenting,  however,  with  the  genus  Anopheles,  in  1897,  he  was 
able  to  demonstrate  the  existence  of  pigmented  cells  in  the  stomach- 
wall  of  the  mosquito,  after  it  had  been  supplied  with  crescent- con- 
taining blood,  and  thus  to  detect  a  further  stage  in  the  mosquito- 
cycle  of  development.    Attention,  moreover,  became  directed  to  the 
tact  that  forms  of  parasites,  allied  to  the  human  malaria  parasite, 
could  be  demonstrated  in  the  blood  of  sparrows  and  other  birds 
Ross  studied  one  of  these  organisms  (Proteosoma),  and  showed  that 
when  he  fed  the  mosquito  (Culex,  in  this  instance)  with  sparrow's 
blood  containing  the  parasite,  and  then  kept  the  insect  alive  for 
rather  more  than  a  week,  it  was  possible  to  demonstrate  the  presence 
of  the  sporozoites  of  Proteosoma,  in  the  mosquito's  veneno-salivary 
gland.    If  infected  mosquitoes  were  made  to  bite  healthy  sparrows 
It  was  found  after  five  to  eight  days,  that  evidence  that  the  sparrows 
had  been  infected  was  forthcoming  on  examination  of  their  blood 

The  Malarrco  Parasite.-The  various  phases  of  the  mosquito  cycle 
of  development,  of  these    and  other  parasites,  have  since  been 
ex^nsively  studied.     The  parasites  in  question' have  been  sty 
Ha.naraa.bida..    One  group  of  the  family  includes  Proteosoma  (which 
affects  sparrows),  Haltericlium  (observed  in  pigeons,  jays,  and  row 
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and  Ihmiamccha  malaria',  and  llmnama-ha  vi:Mx,  as  the  parasites  of 
quartan  and  tertian  fever  have  been  called.  A  second  group  includes 
the  parasite  of  remittent  fever  (sestivo-autumnal  fever  of  Italy),  to 
which  the  name  II winovienas  priecox  has  been  given.  It  is  pro- 
bable that,  with  growth  of  knowledge,  this  provisional  classification 
may  be  considerably  modified.  In  Italy  three  distinct  forms  of 
malignant  parasite  have  been  described.  Moreover,  Koch  dis- 
covered an  organism  allied  to  the  parasites  of  human  malaria  m  apes, 
and  similar  forms  appear  to  occur  in  bats.  In  Italy  it  was  proved  by 
Grassi  and  Bignami  that  the  malarial  parasite  can  be  transmitted  from 
man  to  man  by  the  mosquito.  Manson  infected  two  Englishmen  in 
London  by  means  of  mosquitoes  fed  in  Rome  on  blood  from  a  case 
of  benign  tertian  malaria.  The  incubation  period  in  these  two 
cases  wa^s  fourteen  and  fifteen  days  respectively.  When  infection  is 
produced  by  injection  of  malarial  blood  the  incubation  period  is  said 
to  be,  about  thirteen  days  in  quartan,  about  ten  days  in  benign 
tertian,  and  about  three  days  in  gestivo-autumnal  fever. 

The  asexual  cycle  of  development  of  the  malaria  organism  occurs,  so 
far  as  is  kno^vn,  only  in  the  human  body ;  a  remarkable  feature  is  the 
relation  of  the  phases  of  this  development  to  the  stage  of  the  attack 
If  the  blood  be  examined  immediately  after  a  rigor,  small  amoeboid 
organisms  (amoebul^)  may  be  found  in  the  blood  corpuscles;  these 
increase  in  size,  develop  pigment,  and  at  length,  shortly  before  the 
next  paroxysm  becomes  due,  occupy  almost  the  entire  volume  ot  the 
blood  corpuscles.    At  this  stage,  on  examination  of  stained  specimens 
the  nucleus,  hitherto  single,  is  found  to  have  become  broken  up,^and 
sporulation  is  found  to  be  well  advanced,  the  "rosette  body  or 
"  sporocyte  "  stage,  as  it  is  termed,  being  now  reached.   The  breaking 
up  of  the  "rosette  body"  with  freeing  of  the  contained  spores, 
corresponds  in  point  of  time  with  the  onset  of  the  ague  paroxysm. 
The  sporocyte  of  quartan  ague  is  described  as  being  of  "  daisy  shape 
and  contains  six  to  fourteen  round  spores ;  that  of  benign  tertian 
acue  is  of  "  sunflower  shape  "  and  contains  fifteen  to  twenty-six  oval 
spores ;  that  of  malignant  malaria  is  of  irregular  shape  and  contains 
seven  to  fifteen  round  and  very  small  spores. 

The  reason  why  the  parasites  all  mature  and  reach  the  sporulat^ 
in-  stage  at  about  the  same  time  is  not  understood.  The  cycle 
of'development  is,  under  certain  circumstances,  moreover,  shortened 
or  lengthened;  in  the  former  case  the  fever  is  said  to  "anticipate, 
in  the  latter  to  "postpone."  In  malignant  malaria  it  is  note- 
worthy that,  while  in  the  earlier  part  of  the.  cycle  the  parasites 
may  abound  in  the  peripheral  circulation,  just  before  the  paroxysm 
they  tend  to  disappear,  but  may  then  be  found  undergoing  sporu 
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lation  in  the  spleen.  The  accumulation  of  parasites  in  internal 
organs  is  presumed  to  stand  in  close  relation  to  development  of 
pernicious  symptoms.  In  order  to  explain  the  recurrence  of 
attacks  of  ague,  after  a  period  of  freedom  from  symptoms,  and 
under  circumstances  in  wliich  fresh  infection  from  without  is  out 
of  the  question,  it  is  necessary  to  assume  that  the  parasite  can 
enter  into  a  resting  state,  or  assume  a  latent  phase,  but  with 
regard  to  this  nothing  is  precisely  known. 

In  addition  to  the  ordinary  asexual  cycle  in  tlie  ]iuman  body, 
it  has  been  ascertained  that  a  sexual  cycle  of  development  may 
be  there  initiated.  Certain  of  the  parasites,  while  within  the 
red  blood  corpuscles,  appear  to  develop  into  spheres,  some  of 
which  possess  flagella,  while  others  do  not.  These  two  varieties 
are  called  gametocytes,  and  represent  male  and  female  elements. 
The  crescent  bodies,  which  only  occur  in  malignant  malarial 
infection,  develop  two  sorts  of  spheres,  flagellated  and  non- 
flagellated,  corresponding  to  the  gametocytes  of  the  benign 
quartans  and  tertians.  The  study  of  these  sexual  forms  has 
been  much  facilitated  by  adopting  the  staining  process  known  as 
the  Komanowsky  method.  Further  stages  in  the  history  of  the 
sexual  cycle  have  been  observed,  in  Halteridium,  which  result  in  the 
production  of  worm-like  bodies,  "  travelling  vermicules."  These,  it 
is  said,  subsequently  develop,  after  piercing  the  stomach  wall  of  the 
mosquito,  into  what  are  termed  "  zygotes."  Analogous  phenomena 
are  presumed  to  occur  also  in  human  malaria.  In  infected  mos- 
quitoes the  further  development  of  the  zygotes,  through  a  series  of 
transformations  (zygotomeres,  blastophores,  and,  ultimately,  mature 
zygotes  which  contain  numerous  sickle-shaped  "  sporozoites ")  has 
been  traced.  The  whole  process  occupies  some  six  to  ten  days; 
the  sporozoites  finally  escape  into  the  body  cavity  of  the  mosquito 
and  are  conveyed  to  the  veneno-salivary  glands;  their  existence, 
in  large  numbers,  has  been  demonstrated  more  particularly  in  the 
middle  ^  lobe  of  the  gland.  When  the  mosquito  bites,  these 
sporozoites  are  injected  into  the  tissues  of  the  bitten  animal. 

Anopheles  is  the  only  genus  of  the  Culicid^,  so  far  as  is  known, 
in  v,^hich  the  sexual  cycle  of  development  of  the  human  malaria 
parasite  can  be  completed.  The  distinctive,  characteristics  and 
habits  of  Anopheles  have  been  made  the  subject  of  some  study,  but 
there  is  still  a  great  deal  to  learn  in  this  connection.  The  Culicidfe, 
mosquitoes  or  gnats,  include  three  genera—Anopheles,  Culex,  and  • 
Aedes.  The  first-named  is  distinguished  by  the  fact  that  the  palpi  in 
both  sexes  are  equal  in  length  to  the  proboscis.  The  ova  are  minute 
black  specks,  and  float  on  the  surface  of  the  pools,  ditches,  etc., 
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in  which  tliey  are  laid.  In  Culex  the  ova  are  generally  arranged 
in  boat-shaped  masses;  but  they  are  more  irregularly  disposed, 
though  sometimes  with  indication  of  a  star-shaped  arrangement,  in 
Anopheles.  The  larvae  hatch  out  after  some  twenty-four  hours,  those 
of  Culex  s-svim  about  actively ;  those  of  Anopheles  are  less  active,  and 
are,  moreover,  smaller  and  dai'ker.  Again,  in  Culex  the  larva? 
hang  head  downwards,  and  at  right  angles  to  the  surface,  the 
breathing  organ  being  situated  in  the  tail ;  while  in  Anopheles  the 
larvse  float  flat  on  the  surface,  owing  to  the  absence  of  a  caudal 
breathing  tube.  The  pupa  stage  supervenes  after  about  a  week, 
and  some  two  or  three  days  later  the  perfect  insect  escapes. 

The  female  insect  alone  bites,  and,  generally  speaking,  only 
during  the  day  time.  The  duration  of  its  life  extends  for  several 
weeks;  in  places  where  there  is  a  cold  season  it  is  presumably 
able  to  hibernate.  Ross  laid  emphasis  upon  the  resting  attitude 
of  Anopheles  as  distinguishing  it  from  Culex;  in  the  former  the 
body  being  placed  almost  at  right  angles,  while  in  the  latter  it  is 
parallel  to  the  surface  on  which  the  insect  has  alighted.  The 
distinction  does  not  hold  good  as  regards  all  species,  and  a  more 
reliable  criterion  is  said  to  be,  that  whereas  Culex  has  a  hunchback 
appearance  when  at  rest,  Anopheles  keeps  its  "proboscis,  head, 
thorax,  and  abdomen  in  one  straight  line." 

It  is,  of  course,  possible  that  some  other  vertebrate  can  take  the 
place  of  man  in  relation   to  the  malarial  cycle.     Dionisi  has 
described  parasites  closely  resembling  those  of   human  malaria 
in  bats  from  the  Campagna.    It  has  been  suggested  again  that 
the  "black  spores"  described,  by  Ross,  as  occurring  in  mosquitoes 
fed   on   Proteosoma-containing    blood,   may   represent  "resting 
spores,"  destined  to  play  a  part  in  maintaining  the  existence 
of  the  organism.    The  parasite  Pyrosoma  bigeminum  of  "Texas 
cattle  fever  "  is  transmitted  by  the  parent  tick  "  boophilus  bovis  " 
to  its  oflfspring,  and  Manson  suggests  the  possibility  of  some  such 
cycle  of  events  occurring  in  the  mosquito.     Koch   points  out, 
however,  that  Pyrosoma  higemimmi  is  not  very  closely  allied  to 
the  human  malaria  parasites ;  it  forms  no  pigment,  and  deviates 
to  a  notable  extent  from  them  in  its  mode  of  development. 

Geographical  Distribution.— mrnch  states  that  malaria  covers 
"  a  broad  zone  on  both  sides  of  the  equator,"  attaining  "  a  maximum 
of  frequency  in  tropical  and  sub-tropical  regions,"  but  continuing 
"to  be  endemic  for  some  distance  into  the  temperate  zone,  with 
diminishing  severity  and  frequency  towards  the  higher  latitudes." 
The  disease  prevails  in  tropical  Africa  and  especially  on  the 
west   coast;   in   Asia   (India,    Ceylon,    China   and   the  Malay 
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Peninsula,  and  parts  of  the  East  Indies) ;  in  certain  of  the  southern 
states  of  the  Union  in  North  America ;  in  many  localities  in  Central 
America  ;  and  in  parts  of  South  America.  The  islands  of  the  West 
Indies  are  comparatively  free  from  it;  so  is  Australia,  save  as 
regards  northern  Queensland.  In  Europe  malaria  mainly  occurs 
in  the  countries  bordering  on  the  Mediterranean.  In  this  country 
the  disease  is  almost  unknown,  though  mild  attacks  of  the  malady 
are  still,  it  is  said,  occasionally  met  with  in  parts  of  the  fen  country, 
and  in  the  Essex  marshes. 

The  benign  tertian  form  is  by  far  the  most  common  outside  the 
tropics ;  for  the  most  part  in  Europe  malaria  is  benign,  though  in  the 
Campagna  there  is  a  malignant  variety,  known  in  Italy  as  "  sestivo- 
autumnal  fever."  Double  infection  may  occur,  in  which  case  two 
paroxysms  may  develop  within  twenty-four  hours ;  or,  as  is  more 
usual,  a  double  tertian  or  quotidian  fever  is  produced,  two  sets  of 
parasites  sporulating  on  alternate  days.  The  benign  quartan  form, 
thougli  less  frequently  met  with  than  the  tertian,  is  not  uncommon 
in  temperate  regions ;  the  infection  may  be  single,  double,  or  it  is 
said,  even  treble ;  if  the  last-named,  a  quotidian  fever  is  produced 
if  the  infection  be  double,  there  are  two  days  of  fever  and  one  of 
freedom  from  fever ;  if  the  infection  be  single,  the  ordinary  quartan 
type  obtains.  It  is  noteworthy  that  while  the  malarial  paroxysm 
may  commence  at  any  period  of  the  twenty-four  hours,  more  than 
half  the  attacks  occur  between  midnight  and  midday.  This  fact 
has  an  important  bearing  upon  diagnosis. 

The  malignant  (remittent,  as  distinguished  from  intermittent) 
forms  of  malaria  are  met  with  in  the  tropics,  though  during  the 
warmer  seasons  of  the  year  they  may  occur  elsewhere,  as,  for 
example,  in  Italy.  Mixed  infections,  tertian  and  quartan,  or  tertian 
and  malignant,  or  quartan  and  malignant,  are  often  encountered. 
In  malignant,  or  tropical  malaria,  not  only  are  the  periods  of 
intermission,  as  a  rule,  absent,  but  there  is  risk  of  development 
of  grave  or  "  pernicious  "  symptoms,  as  they  are  called,  and  malarial 
cachexia  is  apt  to  supervene.  Relapses  of  malaria  often  occur 
some  time  after  a  person  has  left  a  malarious  locahty,  the  "latent 
phase"  of  the  parasite  is  then  said  to  become  "active."  The 
tendency  to  relapse  apparently  persists  longer  in  the  case  of 
benign,  than  in  that  of  malignant  fevers.  Malarial  cachexia  is 
only  observed,  as  a  rule,  after  malignant  forms  of  fever,  and 
generally  as  the  result  of  prolonged  exposure,  but  it  may  supervene 
after  one  severe  attack. 

Preventive  2¥e€m(,res.—Ma,\Rri&  is  not  usually  developed  in  towns, 
as  drainage,  paving,  etc.,  interfere  with  the   breeding   of  the 
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mosquito;  moreover,  Anoplieles  is  more  rural  in  its  liabits  than 
other  members  of  the  Culicicla3.  Again,  mosquitoes  are  low  flying, 
so  that  sleeping  in  the  upper  storey  of  a  house  may  serve  as  a 
safeguard  against  attack.  Mosquitoes  do  not,  as  a  rule,  fly  far 
from  their  breeding  places,  which  are  usually,  it  is  said,  small 
puddles,  so  small  that  they  contain  no  fish  and  yet  large  enough  to 
remain  a  sufficient  time  without  being  dried  up.  This  fact 
explains  the  freedom  from  malaria,  often  enjoyed  by  persons  on 
board  ships,  anchored  at  some  little  distance  from  the  shore  of 
intensely  malarious  localities.  Koch  showed  that  in  New  Guinea 
the  blood  of  nearly  all  young  native  children  contained  malai-ial 
parasites,  while  that  of  adults  did  not.  The  comparative  immunity 
of  natives,  therefore,  appears  to  be  an  acquired  immunity.  The 
abundant  distribution  of  parasites,  in  the  blood  of  native  children, 
makes  the  neighbourhood  of  native  camps  an  undesirable  place  of 
settlement  for  newcomers  to  a  district,  as  they  run  increased  ri.sk, 
if  bitten  by  mosquitoes,  of  being  inoculated  vnth.  the  malaria 
parasite. 

Manson  writes  that  until  some  method  of  producing  artificial 
immunity  is  devised,  prophylaxis  must  be  directed  to  the  suppression 
of  mosquitoes,  to  the  prevention  of  infection  of  mosquitoes,  or  to 
the  prevention  of  infection  by  mosquitoes.  Koch  proposes  to  exter- 
minate malaria  by  destroying  at  one  and  the  same  time  all  parasites 
in  the  blood  of  infected  persons  in  a  given  community,  by  exhibition 
of  quinine.  Early  treatment  with  this  drug  reduces  the  number  of 
gametocytes  in  the  peripheral  circulation  if  it  does  not  absolutely 
prevent  their  appearance.  If  such  treatment  were  umversally 
adopted,  and  all  parasites  were  thus  destroyed  or  driven  from  the 
peripheral  circulation,  mosquitoes  could  no  more  become  infected, 
and  malaria  must,  he  argues,  cease.  On  the  other  hand,  it  has  been 
suggested  that  the  way  to  abolish  malaria,  in  a  particular  locality,  is 
to  exterminate  the  larvae  of  the  mosquito.  Pools,  etc.,  suitable  for 
the  breeding  of  Anopheles,  should,  it  is  urged,  be  filled  up ;  if  this 
cannot  be  done,  larvicidal  material  should  be  applied  to  the  water. 
Such  substances  as  paraffin  and  tar  have  been  recommended ;  the 
notion  being  that,  by  forming  a  thin  layer  on  the  surface  of  the 
water,  the  access  of  air  to  the  larvse  and  pupse  would  be  prevented. 
As  evaporation  occurs,  this  "painting"  of  the  water  needs  to  be 
renewed  at  short  intervals.  Exact  study  of  the  distribution  of 
Anopheles  in  the  district  would  seem  to  be  necessary  before  this 
plan  of  extermination  can  be  carried  out  with  much  hope  of  success. 

Pending  the  carrying  out  of  measures  of  one  kind  or  the  other, 
reliance  must,  in  the  main,  of  necessity  be  placed  by  the  individual 
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upon  attempting  to  protect  himself  against  being  bitten  by 
mosquitoes.  Experiments  carried  out  in  the  Roman  Campagna 
show  that  by  remaining  in  a  mosquito-proof  house  from  sunset 
to  sum'ise,  it  is  possible  to  continue  to  live  in  a  malarious  district 
and  yet  remain  free  from  attack.  In  cases  in  which  a  mosquito- 
proof  house  is  not  available  a  good  deal  may  be  done,  it  is  said, 
by  using  an  efficient  mosquito  net,  and  by  avoiding,  not  only  the 
haunts  of  the  mosquito,  but  also  infected  individuals,  and  par- 
ticularly the  neighbourhood  of  native  villages. 

Elevation  of  site  of  the  dwelling  is  desirable,  but  in  some 
places  "  hill  fevers  "  occur,  even  at  a  considerable  height  above  sea 
level.  The  higher  the  site,  however,  the  better  as  a  general  rule ; 
houses  themselves  may  be  raised  above  the  ground  on  arches  or 
piles,  and  the  upper  storeys,  only,  should  be  used  for  sleeping 
purposes.  Water  has  been  suspected  to  have  been  the  means  of  trans- 
mitting infection,  but  nothing  is  certainly  known  with  regard  to 
the  matter.  In  the  absence  of  precise  knowledge  it  is  desirable 
that  all  water  of  doubtful  origin  should  be  boiled.  Much  was 
written  in  former  days  concerning  the  relation  of  soil  to  malaria ; 
a  good  many  of  the  observations  are  explicable  on  the  mosquito 
theory,  but  there  remains  the  fact,  of  which  this  theory  has  not  as  yet 
aflforded  complete  explanation,  that  outbreaks  have  often  occurred 
in  connection  with  operations  involving  disturbance  of  the  soil. 
Further  inquiry  may  throw  light  on  this  question. 

There  is  a  form  of  fever  known  variously  as  "Blackwater  fever," 
bilious  remittent  fever,  hiemoglobinuric  fever,  etc.,  to  which  atten- 
tion has  been  particularly  directed  of  late  years.  It  preA^ails 
throughout  tropical  Africa,  in  the  southern  states  of  the  North 
American  Union,  and  in  parts  of  Central  America ;  it  has  only 
recently  been  observed  in  India.  In  Europe  it  has  been  described 
in  Greece,  Sicily,  Sardinia,  and  Central  Italy.  The  mortality  is 
high,  20  per  cent,  and  upwards,  and  relapses  are  common.  The 
characteristic  symptom  is  htemoglobinuria,  which  is  preceded,  how- 
ever, as  a  rule,  by  fever,  bilious  vomiting,  and  jaundice.  This 
group  of  symptoms  has  been  regarded  as  a  manifestation  of 
malaria ;  another  theory  is  to  the  effect  that  the  phenomena  result 
from  long-continued  exhibition  of  quinine;  in  1893-,  Manson 
expressed  the  view  that  a  distinct  specific  malady  was  in  question. 
In  support  of  the  "  quinine  theory,"  it  has  been  urged  that  new 
comers  to  a  place  where  blackwater  fever  prevails  are  not  attacked 
for  some  time,  and  indeed,  not  until  after  they  have  suffered  from, 
and  undergone  treatment  for,  malaria.  In  support  of  the  specific 
theory  it  has  been  pointed  out  tliat  the  disease  is  closely  analogous 
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to  the  "  red  water  fever  "  of  cattle,  the  Texas  fever  already  referred 
to,  in  producing  which  a  specific  parasite  has  been  shown  to  be 
concerned.    The  question  awaits  final  settlement. 

Measles. — -This  disease  appears  to  have  been  known  to  the 
Arabian  physicians.  Hirsch  concludes  that  it  was  "in  all  proba- 
bility widely  diffused  over  Asiatic  and  European  soil  during  the 
middle  ages,"  and,  as  lie  notes,  it  has  retained  that  position  in  the 
centuries  following.  It  has,  no  doubt,  been  often  confounded  with 
other  eruptive  maladies,  notably  small-pox  and  scarlet  fever.  "  At 
the  present  day,"  says  Hirsch,  "  the  area  of  its  distribution  may  be 
taken  to  extend  over  the  whole  habitable  globe."  It  has  prevailed 
in  epidemic  form,  though  at  long  intervals,  in  outlying  parts  of 
Europe.  (In  the  Faroe  Islands  in  1781,  1846,  1862,  and  1875;  in 
Ireland,  1664,  1694, 1846,  and  1868  ;  and  also  in  Lapland.)  Accounts- 
relating  to  it  have  been  received  from  all  parts  of  Asia  and 
Africa,  concerning  which  knowledge  as  to  the  distribution  of  disease 
is  forthcoming,  and  as  colonisation  has  progressed  in  the  Western 
Hemisphere  and  in  Australasia,  so  measles  has  spread.  In  England 
and  Wales  the  average  annual  death-rate,  taken  over  periods  of  five 
years,  from  measles,  since  1838,  has  varied  from  373  (1871-1875) 
to  539  (1838-1842)  per  million  living. 

Periodicity. — Whitelegge  traces  "  major  waves  "  of  prevalence  of 
measles  (as  distinguished  from  "minor  waves,"  extending  over 
long  periods  of  years.  See  page  330).  He  found  that  in  this 
country,  a  maximum  occurred  somewhere  about  1815;  the  succeed- 
ing minimum  was  probably  reached  in  the  early  "thirties"; 
another  maximum  occurred  in  the  early  "forties,"  another  in 
the  "sixties,"  and  yet  another  in  the  "eighties."  He  therefore 
suggests  that  there  may  be  cyclic  variation  "in  the  quality  of 
measles  itself."  Ransome  found  that  in  Sweden  measles 
assumed  widespread  epidemic  form  every  six  or  seven  years,  an 
interval  which,  as  Whitelegge  says,  "is  intermediate  between 
the  two  classes  of  waves  which  we  meet  with  in  England."  But  in 
Sweden  the  population  was  sparsely  distributed,  and  in  scattered 
populations  the  phenomena  might  be  expected  to  differ  fi-om  those 
observed  in  thickly  inhabited  localities. 

Hirsch  gives  the  periodicity  of  epidemic  recurrence  for  a 
number  of  places.  In  England  "minor  waves"  occur,  as  a  rule, 
at  intervals  of  from  eighteen  months  to  two,  three,  or  four  years. 
It  is  a  common  experience  to  find,  in  the  case  of  a  particular 
town,  that  years  of  high  mortality  alternate  Avith  years  of  low 
mortality,  and  even  when  this  sequence  of  events  is  not  clearly 
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exhibited  on  study  of  annual  figui-es,  it  sometimes  becomes  ap- 
parent, as  Whitelegge  has  pointed  out,  when  the  deatJis  are  taken 
out  in  quarterly  instead  of  annual  periods.  These  "  minor  waves  " 
are  doubtless  due  in  the  main  to  accumulations  of  susceptible 
children,  and  "  among  the  conditions  tending  to  shorten  the 
interval  between  successive  epidemics  are  density  of  population, 
facility  for  close  contact  between  infected  and  uninfected  children 
at  school  and  elsewhere,  and  certain  meteorological  states."  On 
the  other  hand,  the  interval  would  be  lengthened  by  "  sparsity  of 
population,  scanty  intercommunication  especially  among  children, 
precautions  as  to  isolation,  and  unfavourable  states  of  weather." 

Fatality. — The  case-mortality  at  Burton-on-Trent  was  found  to 
vary  from  1-5  to  3-5  per  cent,  in  the  years  1894-1900.  In  Lan- 
caster, 1889-1896,  Theodore  Thomson  reported  138  deaths  to  4,387 
cases,  a  fatality  of  3-1  per  cent.  In  this  country  the  fatality  rarely 
exceeds  10  per  cent.  (Whitelegge,  Transactions  of  Epidemiological 
Society,  1892-93).  "Whitelegge  has  pointed  out  that  at  Sunderland, 
at  Hanley,  and  at  Barnsley  there  occurred  a  succession  of  outbreaks, 
reaching  their  maximum  destructiveness  in  1885,  in  1889,  and  in 
1891  respectively  in  these  three  towns;  the  evidence,  moreover, 
he  says,  indicates  that  "severity  of  type"  accompanied  the 
increase  in  recorded  mortality.  Examination  of  the  statistics  of  a 
large  number  of  towns  yielded  "abundant  examples  of  tolerable 
regularity  in  periodic  explosions,  but  very  few  unnaistakable  evidences 
of  cyclic  changes  of  the  kind  now  in  question." 

The  elucidation  of  problems  of  the  kind  here  under  considera- 
tion would,  no  doubt,  be  greatly  advanced  were  the  system  of 
notifying  measles  generally  adopted.  At  Sunderland,  in  1885, 
the  recorded  case-mortality  was  29  per  cent. ;  at  Hanley  it  Avas 
"  not  far  short  of  9  per  cent."  ;  and  at  Barnsley  it  was  noted 
in  the  three  epidemics,  ending  with  the  outbreak  of  1891,  that 
the  type  grew  more  and  more  severe.  In  these  three  towns, 
however,  notification  not  being  in  force,  the  fatality  cannot  be 
precisely  given. 

Hirsch  has  particularly  laid  emphasis  upon  the  fact  that  mistakes, 
in  dieting  and  in  therapeutic  treatment,  play  an  important  part  in 
causing  some  epidemics  of  measles  to  appear  specially  malignant. 
The  often-quoted  instances  of  the  two  hospitals  in  which  out- 
breaks occurred  during  the  American  Civil  War  (when  a  case- 
mortality  of  20  per  cent,  was  observed),  of  the  still  higher  case- 
mortality  (40  per  cent.)  recorded  in  the  Garde  Mobile  in  Paris 
during  the  siege  of  1871,  and  of  the  great  fatality  of  the  outbreak 
which  is  said  to  have  destroyed  nearly  a  fifth  of  the  National  Army 
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in  the  Brazilio-Paraguayan  war,  clearly  indicate  the  extent  to  which 
unfavourable  conditions  affecting  the  patients  attacked  may  in- 
lluence  case-mortality. 

A  high  fatality  has  been  observed,  too,  when  measles  has  been 
newly  imported  into  communities  previously  free  from  it — on  the 
banks  of  the  Amazon,  in  1749,  whole  tribes  are  said  to  have 
been  cut  off;   and  in  Fiji,  in  1874,  one-fifth  to   one-fourth  of 
tlie  entire  population  is  said  to  have  perished :  other  similar  ex- 
periences are  on  record.  In  some  of  the  instances  given  the  e\'idence 
clearly  points  to  unfavourable  conditions  having  been  operative 
rather  than  to  the  existence  of  any  special  quality  of  the  measles 
itself,  as  in  some,  at  any  rate,  of  the  outbreaks  above  referred 
to,  in  which  precautions  were  taken,  the  mortality  was  found 
not  to  be  excessive.    The  group  of  examples  first  cited  is,  perhaps, 
more  to  the  point  than  the  second  series,  inasmuch  as  disturb- 
ing influences  may  come  into  play  in  the  case  of  populations  long 
exempt  from  the  ravages  of  the  disease.  For  one  thing,  there  are  no 
persons  protected,  and  hence  the  age-distribution  of  attacks  is 
unusual ;  again,  it  has  been  suggested  that  protection  may  be  to 
some  extent  transmitted  from  generation  to  generation,  and  that 
greater  destructiveness  of  measles  is  likely  on  this  account  to  be 
manifested  when  the  disease  breaks  out  in  communities  previously 
free  from  it. 

It  is  abundantly  clear,  however,  that  neglect  and  insanitary 
surroundings  greatly  affect  the  case-mortality  observed  in  measles 
outbreaks.  Other  special  circumstances  may  have  to  be  taken  into 
account.  In  Sunderland,  for  example,  during  the  years  immediately 
preceding  the  great  epidemic  of  1885  the  number  of  births  was 
in  notable  excess;  the  average  for  the  decennium  1881-90  was 
about  5,818,  but  the  number  of  births  steadily  increased  during  the 
early  "eighties,"  and  in  1883  and  1884  the  births  were  6,102  and 
6  349  respectively.  The  number  of  susceptible  children  in  recurring 
explosions  of  measles  would  be  materially  affected  by  this  factor 
alone.  A  like  variation,  though  a  much  less  marked  one,  occurred 
in  Barnsley  just  prior  to  1891.  In  Hanley  it  appears  that  school 
influence  was  prominent  during  the  outbreak  of  1888-89.  Again, 
the  interval  which  has  elapsed  since  the  last  epidemic  materially 
influences  the  extent  to  which  opportunity  has  been  afforded  for 
susceptible  units  to  accumulate. 

Inliuence  of  Season.— Th^  seasonal  curve  of  measles  is  remarkable 
inasmuch  as  it  presents  two  maxima  and  two  minima.  Tlie  annexed 
ficrure  shows  that  in  the  years  1841-1900  the  M-inter  maximum  was 
the  -reater  of  the  two;  in  the  curve  originally  given  by  Buchan 
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and  Mitchell  for  the  years  1845-74,  this  difference  was  accentuated. 
,  Davidson  refers  to  the  alteration  in  question  in  his  paper  on  "  Seasonal 
Fluctuations  of  Epidemic  Diseases,"  in  the  E2ndemiological  Societies 
Transactions,  1896-97.  He  points  out,  moreover,  contrasting  epidemic 
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FIG.  89.— Measles  in  London  (sixty  years,  1841-1900). 
The  mean  line  represents  an  average  weekly  number  of  thirty-six  deaths. 
(After  Shirley  Murphy.) 

years  with  non-epidemic  years,  that  in  the  former  "  the  force  of  the 
disease  is  seen  to  fall  on  the  second  quarter,  in  non-epidemic  years 
on  the  fourth  quarter."  In  the  same  paper  it  is  noted  how  charts 
exhibiting  combined  monthly  or  weekly  deaths  for  a  series  of  years 
are  apt  to  give  an  erroneous  impression.  The  double  rise  does  not, 
of  course,  occur  in  each  year;  the  explosions  occur  biennially,  or 
thereabouts,  but  are,  as  a  rule,  confined  to  the  winter  or  spring 
months,  and  hence,  when  the  figures  for  a  series  of  years  are  con- 
sidered, the  maxima  are  found  to  present  themselves  in  those 
months.  Davidson  attributes  the  change  "from  the  winter  to  the 
spring  type  "  to  increased  prevalence  and  fatality  of  the  disease.  It 
may  be  noted,  however,  that  in  London,  Avith  increasing  aggregation 
of  susceptible  units,  the  conditions  may  be  presumed  to  have  tended 
of  late  years  towards  favouring  explosions  of  measles  at  somewhat 
shorter  intervals— say  to  the  establishment  of  an  eighteen  months' in 
place  of  a  biennial  interval  between  recurring  epidemics,— and  this 
factor  in  itself  may  have  affected  the  seasonal  curve. 

There  has  been  much  speculation  as  to  the  conditions  which  deter- 
mine the  occurrence  of  the  explosions  at  more  or  less  fixed  times  of 
the  year.  Hirsch  rejects  the  explanation  that  change  in  habit  of 
Ufe  (crowding  in  close  rooms,  for  example,  in  colder  seasons)  explains 
this,  as  he  says  a  like  dependence  upon  season  obtains  as  markedly 
in  the  tropics  as  in  high  latitudes.  It  lias  been  suggested  that 
climatic  conditions  operate  by  establishing  a  locus  minoris  resistenii^ 
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in  the  body,  thus  increasing  the  liability  to  contract  infection  at 
particular  seasons.  Davidson  concludes  that  the  behaviour  of  measles 
and  small-pox  resembles  that  of  respiratory  diseases,  and  he  cites  in 
confirmation  of  his  views  the  average  monthly  admissions  of  pneu- 
monia in  the  General  Hospital  in  Vienna.  He  states  that  "  increased 
vulnerability  of  the  air-passages  determines  to  a  large  extent  the 
seasonal  prevalence  of  bronchitis,  pneumonia,  and  sore  throat,"  and 
he  argues  that  "  as  the  infection  of  measles  and  small-pox  takes 
place  through  the  air-passages,  the  increased  vulnerability  which 
determines  the  greater  prevalence  of  respiratory  diseases  in  ^\inter 
and  spring  furnishes  an  adequate  explanation  of  the  epidemic 
spread  of  the  former  class  of  maladies  at  these  seasons." 

Spear,  in  reporting  on  the  Hanley  outbreak  of  1888-89,  noted 
that  there  was  no  evidence  to  show  that  a  close  connection  existed 
between  fatality  and  unfavourable  weather,  or  other  recorded 
meteorological  conditions.  Whitelegge  thinks  there  is,  as  a  rule,  no 
increase  of  severity  accompanying  the  seasonal  exacerbations  of 
measles  prevalence.  Davidson  refers  to  two  types  of  seasonal 
evolution  in  measles  :  in  London,  the  Lancashire  to^\^ls,  and  else- 
where the  winter  maximum  is  notably  developed ;  the  Scotch  towns, 
on  the  other  hand,  show  only  a  slight  winter  rise,  but  in  them  the 
June  maximum  is  found  to  be  particularly  marked.  This  last- 
mentioned  type  occurs,  too,  in  Paris,  Berlin,  Yienna,  and  in  many 
American  cities.  The  winter  rise,  indeed,  tends  to  disappear 
altogether  in  southern  regions,  where  the  temperature  in  the  winter 
months  is  high.  Race,  per  se,  seems  to  have  but  little  influence  in 
determining  liability  to  attack  by,  or  fatality  from,  measles.  Hirsch 
says,  however,  that  when  the  disease  occurs  in  Avarm  climates, 
diarrhoea  is  apt  to  prove  a  serious  complication. 

Influence  of  Age.— In  this  country  the  maximum  death-rate,  per 
million  living,  is  exhibited  at  the  age  1—2  years.  The  vast  majority 
of  deaths,  some  98  per  cent.,  occur  in  children  under  10,  and  some  90 
per  cent,  are  those  of  infants  under  5  years  of  age.  The  age  0—1  con- 
tributes, as  a  rule,  about  21  per  cent.,  the  age  1—2  about  38  per  cent, 
of  the  total  deaths.  The  very  young  children  constitute  a  larger 
percentage  of  those  attacked  in  the  great  towns  than  is  the  case  m 
sparsely  populated  areas.  Age  is  a  most  important  element  m 
prognosis.  In  3,181  cases  treated  in  the  Glasgow  Fever  Hospital 
during  1897-99,  a  case-mortality  at  all  ages  of  9-68  was  observed. 
At  0—1  the  fatality  was  23-4  per  cent. ;  at  1—2,  32-6  per  cent. ;  at 

2—  3,  17-6  per  cent.;  at  3—4,  9-8  per  cent.;  and  at  4—5,  3-7  per 
cent '  From  5—10  the  fatality  was  3-2  per  cent. ;  and  from  10— lo, 

3-  5  per  cent.    It  is  clear,  therefore,  that  the  proportion  of  children 
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from  0-2  attacked  in  a  particular  epidemic  may  be  expected  to 
materially  influence  the  general  case-mortality  observed. 

Cause,  Dissemination,  and  Prevention.— The  measles  organism  has 
not  been  isolated.    The  disease  spreads  from  person  to  person,  the 
medium  of  infection  being  presumably,  as  a  rule,  the  breath.  The 
malady  is  highly  infectious  in  its  early  catarrhal  stages,  and  con- 
tinues so  throughout  the  eruptive  period,  and  to  a  less  extent  durin- 
convalescence.     The  poison  is  probably  conveyed,  at  times,  by 
clothing,  etc   but  it  has  not  been  found  to  be  spread  by  water,  milk 
or  food,  and  the  disease  is  not  known  to  affect  any  of  the  lower 
animals.     The  question  as  to  the  desirability  of   applying  the 
ordinary  machinery  of  preventive  methods  to  measles  (notification 
disinfection,  etc.)  ^vill  be  later  considered  {See  p.  537).  Much 
benefit  has  resulted  in  numerous  instances  from  school  closure,  in 
cases  where  the  infants'  departments,  more  particularly,  of  schools 
have  been  concerned  in  spreading  the  disease,  and  this  even  in  the 
absence  of  any  complete  knowledge  of  the  behaviour  of  measles  in 
a  community,  such  as  notification  would  have  afforded.  In  instances 

hea^tJ^''^^''-^.'"  r^'P''*'  co-operation  between  school  and 
health  authorities  it  has  been  found  possible  to  obtain  early  informa- 
tion as  to  newly  invaded  households,  and  thus  to  safeguard  the 
interests  of  the  youthful  population,  and  at  the  same  time  to  limit 
children'"'  P'"'"*^'^^^"'  ^^^^^f^^ence  with  the  education  of  the' 

Mumps.---This  disease  is  said  to  have  been  known  to  the 
Z  nt  'tire  -T  Hippocrates.    At  ti 

.lobe     Chmate  seems  to  have  little  influence  upon  it     In  this 

and  It  most  frequently  attacks  children  and  young  adults  but 
^^'"^  '^^''^  children   '  T^ 

'  e^ed  T''  '^^"^  --^liy  being 

no   K       •    ,  "^^'-^"^^"^  causes  the  diseL  hal 

usuallv  f.        .     ^  T        "^^"bation  is  a  particularly  long  one 
usually  from  a  fortnight  to  three  wppWh     Tu/r.^  ^  ' 

and  even  thirrl  n+f    i     ,      f  ^  occurrence  of  second 

cv«n  inird  attacks  has  been  recordprl    K„f  ; 
asHumprl  +1,  A  ,         --"^cii  icourueci,  out  it  is  crenerallv 
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Plague— It   has   been   observed   that  certain  circumstances 
recorded  concerning  the  "very  great  destruction,"  described  m 
the  fifth  and  sixth  chapters  of  the  First  Book  of  bamuel  are 
very  suggestive  of  bubonic  plague.    The  "  emerods,    of  wh.ch 
^nention  is  made,  may  well  have  been  buboes  and  m  the  light 
of  recent  experience,  the  reference  to  the  "mice"  that  "marred 
the  land  "  is  especially  noteworthy.    Hirsch  refers  to  an  outbreak 
in   Libya    Egypt,   and   Syria,   some  two  centuries  before  the 
Christian' era.     The  great  epidemic,  which  spread  from  Egypt 
over  Europe  in  the  latter  part  of  the  sixth  century  a. B  and 
which  is  known  as  the  "Plague  of  Justiman,"  and  the  famous 
-Black    Death"    of    the    fourteenth    century,     were  _  almost 
certainly    outbreaks   of   bubonic   plague;    from    the    sixth  to 
Che   seventeenth  centuries   the   disease   appears  to   have  been 
repeatedly  present  in  Europe.  +  -pu„„p 

The  last  great  outbreak  in  this  country  was  the  Great  Plague, 
which  raged  in  London  in  1665,  destroying  nearly  100  000  persons^ 
Th    disease  did  not  leave  England  altogether  until  l6.9,  and 
Outbreaks  still  occurred  in  parts  of  the  Continent,  and  especi^  , 
in  south-east  Europe,  throughout  the  eighteenth  century     In  184 
placue  was  still  present  in  Constantinople,  but  this 
to  be  regarded  after  a  time  as  the  final  European  ^-lsItatlon. 
B^tween  1860  and  1880  evidence  of  renewed  activity  of  plague 
It  forthcoming  from  countries  bordeiing  on  the  Levant 
Netten  BadclifFe  reported  on  the  matter  (No.  VIL,  ^e^^  Serie 
Annual  Report  of  the  Medical  OfBcer  of  the  Privy  Counci  and 
teal  Government  Board).    In  1878-79  cases  occurred  m  Astrakhan 
S  ce  tain  parts  of  the  world  plague  has  apparently  been  aW 
constantly  present  in  modern  times.    Bruce  Low  speaks  of  Assy. 
Z  tlZ  portions  of  Persia  and  Mesopotamia,  Southern  China 

:p^:!;;'tL  province  of  ^^7:^ 

ifrira  as  endemic  centres  ol  tlio  aisease.    j:ruiu  i 

Atrica  as  enae  ^    .         ^^i^eh  were  heard  of,  wer,- 

for  some  yea^  the  ou  tae»k  ot  p  g^^,__^,^  ^^.^^^^ 

Tsfrhow  ver   'teferfv  sitation  of  the  disease  wa.  manifeted 

rrnongicong  was  attac.«.  in  the  ~     ^ed  b,' 
l,nth  these  instances  the  occurrence  of  plague  cases  »  ab  procedea  a 
lt!iit  Vrong  rat.    Towards  the  end  of  1806  pUgue  a^^peare 
in  Bombay,  and  it  later  spread  to  other  parts  of  India  CalcuM 
Z^,  de^tely  asceHained  to  be  attac  ed  ^^"l^^Z^ 
Since  1896  cases   of   plague  ha^e  ocen 
r;rts  in  this  country,  but  !^2  ^^^t.r. 
three  fatal  cases  occurred  m  Vienna,  due  to 
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of  the  plague  bacillus,  originally  derived  eighteen  months  previously 
from  India.  In  1899  the  disease  manifested  a  tendency  to  spread 
more  widely;  cases  appeared  for  the  first  time,  so  far  as  is  known, 
in  America,  notably  in  Brazil,  Paraguay,  and  the  Argentine 
Republic ;  moreover,  an  outbreak  occurred  at  Oporto.  Early  in 
1900,  Sydney,  in  Australia,  was  attacked,  and  in  the  autumn  cases 
occurred  in  Glasgow;  in  1901  the  malady  obtained  a  footing  in 
Capetown  and  other  parts  of  South  Africa. 

T/ie  Plague  Bacillus.— The  micro-organism  of  plague  Avas  dis- 
covered by  .Kitasato  and  Yersin  in  1894;  it  is  usually  found  in 
pure  culture  in  buboes,  and  can  be  demonstrated  as  a  minute  short 
bacillus,  showing,  as  a  rule,  marked  "  bipolar  .staining."   Its  cultures 
on  agar  are  fairly  characteristic,  and  it  is  pathogenic  to  mice,  rats, 
guinea-pigs,  and  rabbits.    Guinea-pigs  quickly  develop  considerable 
oedema  at  the  site  of  inoculation,  with  consecutive  glandular  enlarge- 
ment; they  die  in  from  two  to  five  days,  and  plague  bacilli  are 
abundantly  present  in  their  organs  and  blood.    The  Bacillus  pesiis 
grows  well   at  temperatures  between  15°  and  40°   C,  best  in 
presence  of  oxygen,  but  also  under  anaerobic  conditions.'  It  does 
not,  so  far  as  is  known,  produce  spores.    The  formation  of  stalactite- 
bke  filaments,  as  described  by  Haflkine,  in  broth  cultures,  is 
very  characteristic. 

The   disappearance  of  plague  with  advancing   civilisation  in 
-h-urope,  and  the  ability  shown  by  the  disease  in  recent  years  to 
attack  the  native  quarters  of  Eastern  cities,  while  Europeans 
enjoy  comparative   immunity,   seem   to  indicate   that   there  is 
some  circumstance,  connected  with  life  under  conditions  of  modern 
civilisation,  which  is  inimical  to  plague.    There  has  been  much 
■speculation  as  to  this  matter.    The  presence  of  dirt  and  overcrowding 
tloes  not  afi-ord  sufficient  explanation  in   itself:    various  social 
customs— .such,  for  example,  as  questions  of  clothing  (going  barefoot 
and  the  like),  and  methods  of  disposal  of  the  dead  (whether  by 
burial  at  some  depth  from  the  surface,  or  by  surface  burial  or  other 
methods)— have  been  instanced  as  possible  explanations ;  questions  of 
Jltered  relationship  of  communities  to  lower  animals  have  also 
been  mooted. 

Of  late  years  the  fact  that  rats  die  in  large  numbers  from 
Plague  has  been  brought  into  prominence ;  the  mortality  in  tJiese 
'  nimals  has  in  some  instances  been  found  to  precede  outbreaks 
'  the  dLsease  in  man.  The  distribution  of  tlie  buboes  in 
lff!^T\  '^''P  ^^^"^•'^  particularly  frequently 

TnTt-      ""^^"'^"'^  ^^""^  inoculation  was  tlie  principal  mode  of 

'  ction  in  man ;  in  some  instances  scratches  or  abrasions  which 
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^vould  account  for  the  phenomena  observed  have  been  discovered, 
usually  on  the  feet  or  toes ;  quite  recently  the  theory  has  been 
advanced  that  the  inoculation  is  effected  in  most  instances  by  fleas. 
Simond  found  reason  for  concluding  that  infection  could  not  be 
conveyed  by  dead  rats  after  lapse  of  some  hours  from  death ;  the 
infection,  as  he  said,  "  evaporated " :  this  he  ascribed  to  the  fact 
that  the  fleas  leave  the  body  of  the  rat  when  it  becomes  cold. 
Moreover,  Simond  found  in  certain  instances  papules  or  vesicles— 
"  phlyctenules,"  as  he  called  them— on  the  area  corresponding  to 
the  bubo,  and  particularly  on  parts  such  as  the  dorsum  of  the 
foot  where  the  skin  is  thin.    Further,  he  detected  plague  bacilli 
in  the  phlyctenules,  and  in  fleas  from  plague  rats.    The  Plague 
Commissioners  in  their  Report  of  1901  express  the  opinion  that 
the  evidence  adduced  by  Simond  is  inconclusive. 

Animals  fed  upon  plague  cultures  are  attacked  by  the  disease, 
and  the  possibility  that  man  may  also  be  infected  by  ingesta  must 
not  be  lost  sight  of;  moreover,  plague  bacilli  have  been  demon- 
strated in  the  intestinal  contents,  and  hence  the  excreta  may  pre- 
sumably serve  as  a  vehicle  for  spreading  infection.  Inhalation 
probably  plays,  in  instances  in  which  the  pneumonic  form  of  the 
disease  is  prevalent,  an  important  part  in  connection  with  spread 

of  plague.  . 

Seasonal  Influence.— influence  of  season  on  plague  is  marked, 
but  the  question  as  to  the  meteorological  factor  mainly  concerned  m 
producing  the  conditions  which  favour  its  prevalence  is  by  no  means 
clear  In  Western  Europe  plague  in  the  past  appears  to  have  been  a 
disease  of  late  summer  or  autumn.  InBombay,  1896-99,  two  maxima 
and  two  minima  appear  in  the  seasonal  curve.  Moos  {Indian 
Plague  Commission,  vol.  iii.)  gives  reasons  for  concluding  that 
the  "more  favourable  the  conditions  for  the  wus  to  rise  from 
the  ground  into  the  air,  the  greater  is  the  mortality  fi'om 
plague";  or,  as  Buchan,  to  whom  Moos's  results  were  submitted, 
puts  it,  the  curve  showing  the  difference  between  the  tempera- 
ture of  the  soil  at  a  depth  of  five  feet,  and  the  temperature 
of  the  air  over  the  soil,  agrees  with  the  mortality  curve.  Tins 
association,  as  Buchan  observes,  is  the  more  noteworthy,  having 
regard  to  the  fact  that  the  principal  maximum  occurs  when  tlie 
weather  is  coldest  and  dryest,  and  the  secondary  maximum  when 
the  weather  is  moistest  and  wettest  and  the  temperature  very  higli. 

Age  and  sex  seem  to  have  little  influence  in  determining  attack- 
by  plague.  The  incubation  period  is,  generally,  from  two  to  eight 
days.  The  fatality  varies  greatly,  it  is  said,  in  different  epidemics : 
as  a  rule  from  60  to  90  per  cent,  of  those  attacked  die,  but  the 
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mortality  among  Europeans  has  been,  usually,  less  than  this; 
moreover,  a  mild  form  of  plague,  "pestis  ambulans,"  sometimes 
occurs.  The  most  rapidly  fatal  variety  of  the  disease  is  termed 
"  pestis  siderans  " ;  the  common  form,  that  in  which  buboes  develop, 
is  known  as  bubonic  plague ;  there  are  also  the  septicEemic  and 
pneumonic  forms.  A  mild  kind  of  bubonic  affection  has  been 
described  as  occurring  in  association  with,  or  as  preceding,  outbreaks 
of  true  plague;  to  this  affection  the  term  "pestis  minor"  has  been 
applied.  It  has  not  been  clearly  established  that  it  is  in  any  way 
related  to  true  plague. 

Prevention.— regards  plague  importation,  in  addition  to  the 
usual  measures  adopted  with  regard  to  diseases  to  which  the  Order 
of  the  Local  Government  Board  {See  p.  629)  applies,  the  question  of 
rats  has  to  be  borne  in  mind.  A  circular  letter  of  the  Local 
Government  Board,  issued  in  May,  1901,  deals  with  this  subject 
and  prescribes  certain  precautions,  which  should  be  taken  on 
the  arrival  of  a  vessel  (whereon,  during  the  voyage,  plague,  or 
suspected  plague,  has  occurred),  to  prevent  rats  from  the  ship 
reaching  the  shore,  and  as  regards  destruction  of  rats,  etc.  The 
desirability  of  making  inquiry  concerning  rat-sickness,  and  of 
instituting,  if  necessary,  bacteriological  examination  of  sick  rats, 
particularly  in  the  case  of  vessels  from  infected  ports,  is  specially 
msisted  upon  in  this  letter;  it  is  further  pointed  out  that  rats  when 
destroyed  should  not  be  handled,  but  should  be  at  once  cremated, 
and  that  the  vessels  should  be  disinfected,  and  measures  be  taken 
to  prevent  shore  rats  making  their  way  to  vessels  lying  in  port.. 

In  Glasgow,  in  1900,  efforts  were  directed  towards  tracing  all 
persons  exposed  to  infection,  and  house-to-house  visitation  in  the 
invaded  area  was  instituted;  all  "contacts"  were  kept  under 
observation  in  a  reception  house,  such  observation,  in  order  to 
cover  the  incubation  period  of  the  disease,  extending  over  fourteen 
(liiys.     They  were  allowed  to  go  to  work,  but  were  medically 
examined,  each  day,  sometimes  twice  daily.    Infected  houses  were 
evacuated,  the  "  contacts  "  being  removed,  and  the  dwellings  were 
then  carefully  disinfected.    "  Suspects,"  and  actual  cases  of  plague, 
were,  of  course,  promptly  removed  to  hospital.    Hats  were  collected 
trom  various  parts  of  the  city  and  examined,  but  clear  evidence  that 
rats  were  affected  in  Glasgow  was  not  forthcoming  in  1900.  The 
lUfyority  of  the  cases  occurred  in  persons  who  had  attended  one  or 
other  of  two  "  wakes,"  held  over  two  persons  presumed  to  have  died 
or  the  disease. 

Ill  India,  not  merely  infected  houses,  but  entire  villages  and 
"•Htricts,  have  been  evacuated,  and  the  inhabitants  segregated  in 
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camps,  their  houses  being  then  either  disinfected,  or  in  some 
instances  burnt  to  the  ground.  Again,  persons  coming  from 
infected  localities  into  an  area  not  yet  attacked,  have  been 
detained  for  a  week  or  more  before  being  allowed  to  proceed, 
and  segregation  camps  have,  with  this  object,  been  established  in 
connection  with  railway  stations,  etc. 

Persons  recovering  from  plague  should  not  be  allowed  to  leave 
hospital  for  at  least  a  month  from  the  commencement  of  their 
illness.     Rats  and  mice  should  be  destroyed  and  their  bodies 
burned  ;   and  it  has  been  urged  that  this  should  be  done  as  a 
matter  of  precaution  before  plague  actually  appears  in  a  district. 
Concealment  of  cases  constitutes  a  great  difficulty  in  the  East, 
and  in  India  and  elsewhere  compulsory  inspection  of  dead  bodies 
has  been  insisted  upon.    Precautions  as  regards  cleanliness  are,  of 
course,  most  essential  for  persons  brought  in  contact  with  plague ; 
scratches  and  abrasions  on  exposed  parts  of  the  body  should  be 
protected  against  the  possibility  of  inoculation;   and  Manhon 
suggests  that  those  engaged  on  plague  duty  should  "wear  boots 
and  have  the  legs  protected  by  trousers  tied  tightly  round  the 
ankles,  or  better,  by  putties."    Haflfkine's  prophylactic  and  various 
protective  sera   have  been  employed   in   India   and  elsewhere 
{See  p.  340). 

Pneumonia.— This  disease  was  at  one  time  regarded  as  due 
merely  to  exposure  to  cold,  but  of  late  years  the  opinion  has  steadily 
gained  ground  that  acute  lobar  pneumonia,  at  any  rate,  is  really  a 
specific  fever.  It  has  been  found,  moreover,  that  epidemics  of 
pneumonia  sometimes  occur,  and  that  the  disease  then  displays 
infectious  property.  Such  outbreaks  of  pneumonia  have  apparently 
been  observed  on  the  Continent,  and  in  America.  Two  epidemics 
were  noted  in  India,  in  1875  and  1882,  and  in  this  country  an 
outbreak  at  Middlesborough  was  investigated  by  Ballard  in  1888 
{See  p.  186),  and  another  occurred  at  Scotter  in  Lincolnshire,  in 

1890.  ,  . 

Climate  has  little  or  no  influence  upon  pneumonia,  but  with  respect 
to  season,  it  may  be  noted  that  mortality  is  greatest  in  this  country 
in  the  winter  and  spring  months.  Coloured  races  are  said  to  be 
specially  susceptible.  With  regard  to  sex,  the  mortality  is  greater 
in  males  than  females,  and  this  is  particularly  the  case  between 
the  ages  35  and  65.  The  extremes  of  life  especially  suffer  from 
"pneumonia";  it  should  be  noted,  however,  that  the  disease  re- 
ceiving this  name  which  affects  children  and  old  persons  is  apt 
to  differ,  in  symptoms  and  post-mortem  appearances,  from  that 
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met  with  at  the  intermediate  ages.  The  pneumo-coccus  of  Friinkel 
and  Weichselbaum  can  usually  be  demonstrated  in  the  sputum 
and  in  the  lung  tissue  in  lobar  pneumonia.  It  is  generally 
regarded  as  the  cause  of  lobar  pneumonia,  but  the  diificulty  is 
that  it  is  a  widely  distributed  organism,  and  that  it  is  even 
found  in  the  saliva  of  healthy  persons.  Washbourn  explained  this 
on  the  assumption  that  "  under  ordinary  circumstances  the  protective 
mechanism  of  the  body  prevents  invasion ;  but  should  the  cocci  be 
introduced  in  very  large  numbers,  or  should  the  natural  resistance 
of  the  body  be  lowered,  invasion  occurs  and  the  disease  develops." 
In  the  Middlesborough  epidemic,  as  already  mentioned,  Klein  was 
led  to  conclude  that  the  cause  of  the  disease  was  a  bacillus  which  he 
called  Bacillus  pneuvioniee. 

Puerperal  Fever. — This  disease  was  well  known  to  Hippo- 
crates. It  has  assumed  special  importance  in  modern  times,  possibly 
in  part  as  a  result  of  the  aggregation  of  women  in  lying-in  hospitals. 
All  that  has  been  already  said,  concerning  geographical  distribution, 
seasonal  prevalence  and  cyclical  variations,  in  connection  with 
erysipelas,  is  also  true  of  puerperal  fever.  Since  1847  the  puer- 
peral fever  deaths  per  1,000  births,  in  this  country,  have  ranged 
from  1*3  to  3-6  annually. 

The  recorded  deaths  in  recent  years  have  manifested  a  tendency 
to  increase ;  probably  this  fact  is  due,  in  the  main,  to  improved 
certification,  as  there  is  hardly  any  disease  in  which  there  appears 
to  be  greater  liability  to  error,  owing  to  deaths  being  returned 
under  various  headings.  Moreover,  since  1881,  the  Registrar- 
General  has  adopted  the  practice  of  writing  for  further  details, 
in  cases  returned  as  pyaemia,  septicasmia,  and  peritonitis  in  women 
of  child-bearing  age,  and  this  has  led  to  the  inclusion  of  cases,  as 
puerperal  fever,  which  would  otherwise  have  been  overlooked  [See 
p.  537).  Since  the  introduction  of  antiseptic  methods,  puerperal 
fever  has  been  almost  banished  from  lying-in  hospitals,  and,  having 
regard  to  tliis  fact,  a  reduction  in  the  recorded  mortality  from 
the  disease  might,  cseteris  paribus,  have  been  anticipated. 

Drainage  defects  have  been  observed  in  numerous  instances,  in 
connection  with  the  occurrence  of  puerperal  fever,  and  conditions 
of  overcrowding,  insufficient  ventilation,  and  want  of  cleanliness 
undoubtedly  favour  spread  of  the  disease. 

Relapsing  Fever.— The  early  history  of  this  disease  is  en- 
veloped in  obscurity  {See  p.  375).  Outbreaks  occurred  in  Dublin 
from  1739  onwards;  from  1799  accounts  of  the  malady  are  forth- 
coming from  Scotland;  again  in  the  great  fever  years,  1847-48, 
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it  was  recognised  in  some  of  the  English  towns.  In  1868-1873  it 
again  appeared  in  England  and  Scotland,  and  Hirsch  states  tliat 
in  London  the  earliest  cases  occurred  "  chiefly  in  a  quarter  inhabited 
by  Irish  and  by  poor  Jewish  families  from  Poland."  Relapsing 
fever  has  been  observed  in  other  parts  of  Europe,  notably  in  Russia 
and  in  Germany,  and  also  in  North  America,  India,  China,  and  Egypt 
The  deaths  recorded  as  due  to  the  disease  in  tliis  country,  since 
1869,  have  diminished  in  striking  correspondence  with  the  de- 
cline manifested  by  typhus  deaths.  Indeed,  in  its  distribution  in 
place  and  time  relapsing  fever  closely  approximates  to  typhus ;  tlie 
two  diseases  occur  under  like  conditions,  and  often  in  association 
with  one  another ;  it  is  generally  believed,  however,  that  the  one 
form  of  malady  does  not  give  rise  to,  and  does  not  protect  against^ 
the  other ;  moreover,  the  clinical  distinctions  between  the  two  are 
well  defined.  The  fatality  in  relapsing  fever  at  all  ages  is  about 
4  per  cent.,  but  it  markedly  increases  with  advancing  years.  Season 
appears  to  have  little  influence  in  determining  prevalence,  but  more 
cases,  on  the  whole,  occur  in  the  colder  months.  The  disease  is 
rarely  encountered  except  in  association  with  overcrowding  and 
destitution. 

In  1873  Obermeyer  found  spirilla,  during  the  febrile  stage,  in 
the  blood  of  persons  attacked  by  relapsing  fever.  These  spirilla  are 
very  long,  thin,  actively  motile,  and  show  no  appearance  of  being 
made  up  of  shorter  elements.  They  disappear  from  the  peripheral 
circulation  before  the  febrile  stage  comes  to  an  end.  GroAvth  on 
artificial  media  has  not  been  hitherto  successfully  demonstrated, 
but  Vandyke  Carter,  in  1881,  produced  typical  relapsing  fever  in 
the  ape,  by  injection  of  blood  containing  spirilla,  and  the  disease 
has  also  been  developed  in  man  by  inoculation. 

Rheumatic  Fever. — The  question  of  annual  and  seasonal 
influence  in  this  disease  was  fully  dealt  with  by  Newsholme  in  the 
Milroy  lectures  of  1895.  He  found  that  there  was  a  distinct 
relationship  between  deficient  rainfall  and  prevalence  of  rheumatic 
fever,  and  that  there  was  marked  irregularity  in  the  recorded 
mortality  (as  shown  mainly  by  hospital  statistics),  with  a  tendency 
to  special  prevalence  at  intervals  of  from  three  to  six  years.  It 
is  probable  that  the  disease,  as  Newsholme  concludes,  is  due  to  a 
specific  organism.  Poynton  and  Paine  isolated  a  diplococcus,  in 
twelve  successive  cases  of  rheumatic  fever,  which  produced,  on 
intravenous  inoculation  into  rabbits,  the  clinical  appearances  of  tliat 
disease.  The  diplococcus  was  found  with  least  difliculty  in  the  con- 
nective tissues,  and  was  obtained  from  the  tonsils  in  rheumatic 
angina  {Lancet,  Sept.  22  and  29,  1900). 
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Rotheln.— The  existence  of  a  form  of  disease  presenting  some 
similarity  to  both  measles  and  scarlet  fever,  but  quite  distinct  from 
them,  was  already  suspected  more  than  a  century  ago.  The 
opimon  has,   however,   been  entertained   that  this  malady,  to 
which  the  name  Rotheln,  or  German  measles,  has  been  applied, 
must  be  regarded  as  a  hybrid  of  scarlet  fever  and  measles,  and 
apart  altogether  from  this  hypothesis  there  can  be  no  doubt  that 
many  cases  of  so-called  German  measles  are  really  aberrant  forms 
of  one  or  other  of  the  two  more  familiar  diseases,  or  are  mere 
instances  of  error  in  diagnosis.     The  generally  accepted  view,  now- 
adays IS  that  a  distinct  specific  malady  does  exist,  and  that  it  is 
capable  of  being  distinguished  by  certain  special  characteristics 
^vhich  It  possesses.    Indeed,  Dukes  and  others  have  of  recent  years 
maintained  that  there  is  yet  another  allied  form  of  specific  ailment 
to  which  the  term  "Fourth  Disease"  has  been  applied 

Rotheln  IS  a  comparatively  rare  disease  ;  it  has  been  noted  that 

l^'fTi'^^'r  f^.'''^''*^""'  '^"^  ^^^^   it  i«  l^ardly 

ever  fatal.     Infection  is  probably  conveyed  by  the  breath;  the 

period  of  incubation  is  said  to  be  about  a  fortnight;  the  rash  is,  as 

a  rule,  present  from  the  first  onset   of  the  malady;  glandular 

enlargements,  affecting  particularly  the  posterior  cervica  gLds,  ar 

.omet,„,es  present ;  the  febrile  disturbance  is  often  out  of  propo  tfon 

maleVr-lr  ^^"^'^"^  ^  ^^^^^^^^^^  ^ff-*--  -  - 

resnect;  t  "  "'"'^^'^  ^"^^^^        '^'^  differs  in  some 

The  trio^n^^^^  '""'^P^'  fever, 

after  the  fi   f  ^«  to  last  for  about  three  weeks 

aul^'L  m  iTr"'       ''''  ^^^^  -i-o-organism  which 

concermng  the  spread  of  the  disease  by  the  agency  of  milk  or 
food,  or  as  to  its  affecting  any  of  the  lower  anfmals. 

•o£l?rl!tfef''^'T"^i''*'''  "  '"""^       '^'^■^'''^        early  history 

n  1556   and  S       T'  /T"'       ^^^^^  ^-g---^ 
ma  adv   7L  T     ■  °  2^^-^' ^  1^22,  described  cases  of  th 
malady.    Sydenham,  m  1676,  wrote  a  chapter  on  it.     He  observe! 

it  ^ITVeXll  r  r  ''''''         ^-"^-^  J-id  that 

•cenluryThe  "^anne     ?  T'^^  ^^^'^^^-^t  tlie  eighteenth 

n^ilde    foims  T     ]  ?  .  "  '^"^^""^     -f-'      ^ut  the 

throat.'7hl  FoTh      if"  f '  ^'^'^^"^^       -'^"^nant  sore 

throat,"  Jrftt  n  in  1  fs  '  "  V  ''''' 

,    ^^rltten  in  1748,  speaks  of  a  case  in  whicli  a  plentiful 
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eruption  of  small  pimples  incluc3cl  those  about  the  patient  to 
apprehend  it  was  a  common  scarlet  fever ;  again,  some  of  the  cases 
described  by  Huxham,  of  Plymouth,  a  few  years  later,  as  malig- 
nant ulcerous  sore  throat,  were  undoubtedly  scarlet  fever,  as  it  is 
noted  with    regard   to    them    that   desquamation    and  dropsy 
occurred.    Heberden,  in  his  Commentaries,  in  discussing  "  angina 
and  scarlet  fever,"  says,  "  where  it  happens  that  the  throat  is  full 
of  little  ulcers,  attended  with  considerable  pain,  there  the  disease, 
though  the  skin  be  ever  so  red,  is  not  denominated  from  this  colour, 
but  from  the  soreness  of  the  throat,  and  obtains  the  name  of  the 
malignant  sore  throat;  and  many  suppose  that  the  two  disorders 
differ  in  nature  as  well  as  in  name.    Of  this  let  the  reader  judge 
Avhen  he  has  considered  the  histories  of  both." 

In  1821  Bretonneau  described  and  named  diphtheria:  but  it 
was  not  until  1855  that  scarlet  fever  was  distinguished  from 
diphtheria  in  the  Registrar-General's  returns.    In  1859  a  consider- 
able prevalence  of   membranous  sore  throat  occurred,  and  the 
mortality  registered  as  due  to  diphtheria  rose  to  517  per  milhon 
living  while  that  referred  to  scarlet  fever  was  976  per  milhon  living 
From  1859  onwards,  major  prevalences  of  scarlet  fever  were  developed 
at  intervals  of  four  or  five  years,  the  mortality  m  1863  and  -1864 
was  upwards  of  1,400  per  million  living;  in   1869  and  1870  the 
disease  proved  fatal  to  almost  as  great  an  extent;  m  1»J*  the 
mortality  exceeded  1,000  per  million;  again  in  1878  it  was  t56  per 
million.    Then  followed  a  marked  decline,  Avith  occasional  exacer- 
bations, but  in  1887,  a  year  of  comparatively  high  mortality,  the 
rate  only  reached  282  per  million,  and  on  the  next  occasion,  when 
a  maximum  was  attained,  in  1893,  the  rate  was  only  235  per  million. 
Thus  "the  nineties,"  as  compared  with  "the  eighties,    and  again 
"the  eighties,"  as  compared  with   "the  seventies,     and  the 
seventies,"  as  compared  with  "  the  sixties,"  show  marked  dimmu- 
tLTin  tiie  rate  of  mortality  from  scarlet  fever.  _  This  diminution 
has,  however,  been  accompanied  from  "  the  seventies    onwards  b>  a 
steady  though  smaller  increase  in  the  registered  mortality  from 

diphtheria.  .  ^,.„;u  ,-,1 

Geocjraphical  Distributiou.-The  disease  especially  pre^'^^l^ 
North-West  Europe  and  in  North  America ;  it  is  comparatively 
rare  in  Africa  and  Asia,  but  occurs  in  parts  of  those  continents 
bordering  on  the  Mediterranean.  In  this  country  it  is  much  more 
destructive,  as  a  rule,  in  cities  than  in  rural  areas,  and  it  especially 
affects  the  industrial,  and  more  particularly  ^1-  ""-"^^  c^un^^- 
The  explanation  suggested  by  the  Registrar-General,  is  ^^^-^^t  t^e 
counties  the  population  is  more  closely  aggregated,  and  hence 
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spread  of  infection  is  facilitated.  As  he  remarks,  however,  this 
"  IS  not  true  as  regards  diphtheria,  nor  does  it  seem  altogether  true 
as  regards  measles." 

The  question  of  periodicity  in  scarlet  fever  has  already  been 
referred  to.    The  cctse-mortcdity  varies  much  in  different  epidemics 
and  has  been  said  to  range  between  3  and  30  per  cent.  Graves! 
of  Dublin,  early  in  the  last  century,  commented  upon  the  marked 
variation  in  the  fatality  at  different  periods.     In  recent  years 
the  case-mortality  observed  in  the  Metropolitan  Asylums  Board 
Hospitals  in  London  has  steadily  declined.     For  the  six  years 
(1887  to  1892)  the  average  case-mortality  was  8-35  per  cent  • 
while  for  the  six  years  (1891  to  1896)  it  was  only  4-7  per  cent' 
Ihis  decline,  it  should  be  noted,  has  been  accompanied  by  a  lar^e 
increase,  commencing  in  the  early  "  eighties,"  and  becoming  very 
marked  from  1887  onwards,  in  the  proportion  of  deaths  occurring  in 
these  hospitals,  to  the  total  deaths  in  London.  Moreover,  changes  of 
nomenclature  may  be,  in  part  at  any  rate,  accountable  for  the 
decrease. 

It  is  noteworthy  that  the  marked  diminution  in  the  fatality 
^ZK  I'P^*^'""^'  follo^ng  upon  the  introduction  of  antitoxine,  in 
lays,  hnds  m  some  respects  a  parallel  in  the  case  of  scarlet  fever 

'^"^''^  '^^^^^  comparison  of  two  periods, 

ISO-       If  ^''^^^'"'^  antitoxine  serum  was  not  used),  and 

leyo  to  1898  (years  in  which  it  was  used),  shows,  in  the  case  of 
cliphthena,  a  reduction  in  the  case-mortality,  of  cases  treated  in 
hospi  al,  from  30-3  to  184  per  cent.,  there  has  been  almost  as 
considerable  a  reduction,  from  7  to  4-4  per  cent.,  in  the  case- 
mortality  of  hospital  cases  of  scarlet  fever.  It  appears,  however,  on 
comparing  hospital  cases  with  those  occurring  throughout  London 
generally  that  there  is  a  marked  contrast  in  the  behaviour  of 
tiie  two  diseases,  and  this  fact  is  of  significance  when  it  is  borne 
in  mmd  that  the  proportion,  of  the  total  cases  of  diphtheria  in 
London  admitted  into  the  hospitals,  has  been  far  greater  in  the 

'ZL  P'""^-     ^^"-^^y  ^^^P^^y  finds  that, 

of  scIrlTf        r       f:''        1895-98,  the  fatality  among  case 
has  W  ^-'^-VoMt^-  Asylums  Board  hospitals 

treated  fh^T.T.  '"^'"^  '''''  ^^t  so 

PolitanA    1      t  ^  Tu^"^  diphtheria  treated  in  Metro- 

'r  atX  fhY  t^'  f  "P^'"^^^'  P^"°^  1892-94,  was 

Tn  th!  ,    .  Tt^^  ^'""'^^  ^«"d«"       so  treated,  was 

n   he  period  of  1895-98,  practically  the  same  at  «all  ages,'  and 
mch   lower  at  the  younger  ages,  than  the  fatality,  in  London 
-ong  oases  not  admitted  to  the  hospitals  of  the  Metropo  iU^^^ 
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As)dums  Board.  In  these  considerations,  and  jjarticularly  in  the 
lower  fatality  at  the  younger  ages,  in  hospital  treated  cases,  there 
seems  to  be  clear  indication  that  some  special  factor  has  been 
operative  in  diphtheria,  and  the  explanation  may  in  part,  at  any 
rate,  be  sought  in  the  application  of  the  antitoxine  treatment  in 
diphtheria  cases." 

Glimcde  and  Season.— The  fact,  that  the  disease  appears  unable 
to  establish  itself  in  the  tropics,  suggests  that  climate  influences  its 
prevalence.     Ballard,  some  years  ago,  pointed  out  that  in  this 
country  "  a  temperature  above  the  average  for  the  season,  and  a 
dry  state  of  the  atmosphere  with  little  rain,  favour  the  presence  of 
scarlet  fever  more  than  the  reverse  conditions."     Longstaff,  m 
1880,  drew  attention  to  the  striking  similarity  of  the  curves  depict- 
ing fluctuations  in  mortality,  during  the  years  1855-1880,  from 
diseases  belonging  to  what  he  styled  the  "  scarlatinal  group."  The 
diseases  in  question  (pyaemia,  puerperal  fever,  erysipelas,  rheu- 
matism of   the  heart,  scarlatina,  laryngitis,  quinsy,  croup,  and 
cynanche  maligna),  exhibited,  throughout  these  years,  variations 
in  recorded  mortality  in  close  correspondence  with  one  another. 
The  elevations  and  depressions,  so  well  marked  in  the  scarlatina 
mortality  curve,  were  more  or  less  traceable  in  all  the  others ;  there 
was  also  noticeable,  in  the  case  of  each  individual  curve,  a  ten- 
dency to   exhibit   an  inverse  relationship  to  the  rainfall,  dry 
periods  corresponding  to  increased  mortality,  and  periods  of  heavy 
rainfall  to  diminished  mortality.    On  bringing  the  investigation  up 
to  date,  subsequent  to  1890,  the  resemblances  indicated  were  found 
to  be  not  so  closely  maintained  in  the  later  period  of  years.  The 
subject  of  the  relation  of  diphtheria  to  rainfall  has  been  recently 
elaborately  investigated  by  Newsholme,  in  his  work  on  "Epidemic 

Diphtheria."  t  f 

The  annexed  figure  depicts  the  London  curve  of  mortality  tor 
the  years  1861-1900.  In  New  York  the  curve  difters  markedly 
from  this,  the  maximum  being  in  April  and  the  minimum  m 
September.  It  may  here  be  noted  that  Whitelegge  found,^  at 
Nottingham,  that  fewer  cases  of  scarlet  fever  were  notified  on  ^\  ed- 
nesday  than  on  any  other  day  of  the  week,  a  fact  which  he 
attributed  to  diminished  likelihood  of  infection,  owing  to  tJie 
cessation  of  school  attendances  upon  Sundays.  The  seasonal  curve 
shows  no  trace  of  diminution  of  mortality  following  upon  hohdays, 
but  the  London  curve  of  notifications  for  individual  years  presents, 
as  a  rule,  as  has  been  already  mentioned,  a  well-marked  "  August 
depression,"  in  correspondence  with  the  cessation  of  school  opera- 
tions during  the  summer  holidays. 
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Fatcdit  I/. —The  case- mortality  of  scarlet  fever,  as  tested  by  hospital 
statistics,  was  found  by  Whitelegge  to  present  variations  correspond- 
ing with  the  cyclical  fluctuations,  in  mortality  from  the  disease, 
observed  during  the  "  sixties  "  and  "  seventies."  As  regards  seasonal 
variations  in  case-mortality,  it  would  appear  from  statistical  records 
that  the  relationship  is  an  inverse  one,  the  disease  being  least  fatal 
during  the  months  when  it  is  most  prevalent.    On  the  other  hand 
Gresswell  found  e^ddence,  from  study  of  cases  in  one  of  the  Metro- 
politan Asylums  Board's  hospitals,  to  the  effect  that  the  graver 
mamfestations  of  the  disease  became  more  frequent  and  more 
marked  during  September,  October,  and  November,  and  then  under- 
went mitigation.     Shirley  Murphy  has  investigated  the  seasonal 

Jan.  Feb.    Mar.  Apr.   May  June    July  Aug.   Sept.    Oct.  Nov.  Dec. 


FIG  90.-SCABLET  Fever  in  London  (forty  years,  1861-1900) 
The  mean  Ime  represents  an  average  weekly  numbe^r  of  thirtylven  deaths. 

(After  Shirley  Murphy.) 

variations  in  fatality  as  exhibited  in  London,  and  finds  that  the 
case-mortahty  is  lowest  from  July  to  October.  He  has,  moreover 
pointed  out  that  the  figures  show  that  there  is  a  seasonal  variation 
in  the  age-distribution  of  scarlet  fever  cases.  Thus,  children  under 
0  years  of  age  constitute  a  greater  proportion  of  the  total  cases 
in  the  early  part  of  the  year,  and  this  proportion  falls  to  a 
nummum  in  September,  subsequently  rising  to  the  end  of  the  year 

fact  TLT  TTf      TJ^''  "^^"'^       ^-g-*'  due  Jthe 

fa  t  that  children  of  the  school  age  are  not  then  contracting 

disease  in  schools,  and  that  children  under  5  constitute,  therefore 
a  larger  proportion  of  the  total  cases"  ' 
ynence  of  Age  a.^  Sex.-The  influence  exerted  by  age  and  sex- 

exam^:  '^'^     Tfl  "^^''^'''^  ''^^  -rlet'fever,  Z 

Rep"  tt  iSr'  t'^'  V:  ^^^^^^--General  in  his  Annual 
report  for  1886.    He  found  that  liability  of  the  unprotected  to 
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infection  was  small  in  the  first  year  of  life,  increased  to  a  maximun. 
in  the  fifth  year  or  soon  after,  and  then  rapidly  became  smaller  and 
smaller.    The  chance  of  an  attack  being  fatal  was  greatest  m 
infancy,  it  then  diminished  up  to  the  end  of  the  twenty-fifth  year,after 
which  it  again  somewhat  increased.   Females,  speaking  generally, 
were  found  to  be  more  subject  to  attack  than  males;  but  attacks  m 
males,  though  fewer,  were  more  liable  to  terminate  fatally.  The 
actual  mortality  observed  attained  a  maximum  in  the  third  year  of 
life  the  diminution  at  later  ages  being  due  (a)  to  the  increased  pro- 
portion in  the  population  at  each  successive  age-period,  of  persons 
protected  by  a  previous  attack  ;  (6)  to  the  diminution  of  liability  to 
infection  in  successive  age-periods,  of  those  as  yet  unprotected  ;  and 
(c)  to  the  diminishing  risk  in  successive  age-periods,  of  an  attack, 
should  it  occur,  proving  fatal.   As  the  Registrar-General  says,  these 
results  show,  "independently  of  the  plain  fact  that  a  very  large  pro- 
portion of  persons  go  through  life  without  ever  contracting  the 
disease,  that  the  longer  an  attack  is  deferred  the  less  likely  it  is  to 
occur  at  all ;  and  not  only  so,  but  that,  even  supposing  it  to  occur 
eventually,  the  less  likely  it  is  to  end  fatally."  _ 

mssemination.-The  disease  is  probably  not  infectious  until 
after  the  eruption  appears;  its  infectivity  is  supposed  to  be  pro- 
nounced when  desquamation  is  in  progress.    Recent  observations 
tend  to  discredit  the  hypothesis  that  the  desquamating  cuticle  is 
mainly  responsible  for  the  spread  of  infection;  probably  the  dis- 
char^s  from  mucous  surfaces  must  be  regarded  as  more  open  to 
suspicion.    The  breath  and  the  various  secretions  are  often,  no 
doubt,  the  means  of  conveying  the  disease;  there  are  numerous 
instances  recorded,  too,  in  which  clothing,  etc.,  put  aside  for  a  time 
when  the  patient  sickens,  but  not  adequately  disinfected,  has 
appeared  to  possess  the  property  of  transmitting  scarlet  fever.  In- 
quiry has  shown  that  the  malady  exhibits  no  special  incidence  upon 
houses  in  the  neighbourhood  of   fever  hospitals,  and  infection 
aTot,  therefore,  be  conveyed  aerially  for  considerable  distance, 
as  is  the  case  in  small-pox.    Scarlet  fever  has  never  ^-n  fou"d 
be  spread  by  water  ;  it  is  frequently,  however,  transmitted  by  the 
acency  of  infected  milk  {See  p.  198). 

'LLcu-The  isolation  of  scarlet  fever  l,a.  or  some  yea  . 
been  extemively  praeti^ed,  partieularly  in  tins  "'^"^^^^ 
system  of  removal  to  special  hospitals,  accompamed  by  cl.smfection 

occnpied  by  the  patient,  clotinn,,  etc.,  has  '-n  more 
,nore  perfected,  the  mortality  from  the  disease  has  stead.lj  d, 
hned    During  the  years  1870-90  isolation  was  mamly  conftned 
i  he  larger  towns,  but  the  decline  in  mortality  had  barely  com- 
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nienced  in  these  large  centres  of  population  when  it  was  also 
manifested  throughout  the  country  generally,  including  towns  and 
rural^  districts  in  which  no  attempt  at  isolation  had  been  made. 
This  is  hardly  matter  for  surprise,  inasmuch  as  the  spread  of  the 
disease  in  sparsely  populated  districts  is  admittedly,  to  a  con- 
siderable extent  at  any  rate,  facilitated  by  the  importation  of 
infection  from  more  thickly  populated  areas,  in  which  scarlet  fever 
always,  to  a  greater  or  less  extent,  prevails. 

It  has  been  further  objected,  however,  that  comparing  one 
country  with  another,  mortality  has  fallen  in  those  which  have  not 
attempted  to  combat  the  disease  by  preventive  measures,  as  well  as 
in  those  that  have.    Dr.  J.  T.  Wilson,  in  a  thesis  published  as 
a  supplement  to  "  Public  Health  "  (1897),  concludes,  on  an  extended 
survey  of  the  movement  of  scarlet  fever  mortality,  that  some  more 
Avidely  operating  influence  than  mere  isolation  must  have  been  at 
work  m   bringing   about  the  reduction  that  has  taken  place 
Again,  the  fact  that  the  enforcement  of   removal  to  hospital 
has  not  eradicated  the  disease  has  been  commented  upon  With 
regard  to  this  argument,  however,  it  may  be  urged  that  some 
of  the  factors  which  contribute  to   the  spread  of  the  malady 
may  yet  remain  in  uncontrolled  operation  ■  having  regard  to 
what  has  been  already  said  concerning  scarlet  fever,  it  is  abun- 
dantly clear  that  its  diffusion  is  not  merely  a  question  of  personal 
infection  or  of  contact  with  infected  clothing,  etc.    Moreover,  as 
Newsho Ime  points  out,  isolation  and  disinfection  have  not  hitherto 
been  fully  operative  "because  diagnosis  has  been  defective,  care- 
lessness has  been  prevalent,  and  isolation  has  been  delayed  and 
carried  out  m  an  insufficient  number  of  cases,  and  because  disinfec- 
tion has  often  been  effected  in  a  perfunctory  manner  " 

Return  Cases.-A  good  deal  of  attention  has  been  directed  of  late 
years  to  criticism  of  hospital  administration  in  connection  with  the 
occurrence  of  "  return  cases  »  of  scarlet  fever  and  diphtheria  In 

by  the  disease,  it  has,  perhaps,  not  unnaturally  been  assumed  that 

he  second  person  was  infected  by  the  returned  convalescent,  and 

It  has  then  further  been  concluded  that  the  hospital  administration 

has  been  at  fault.  The  fact  must  not  be  lost  sight  of,  howeve  ha 
having  I  ^^^^^  .^^-^  e  ,tha 

practised  in  recent  years,  a  certain  number  of  instances,  in  wh 

to  be  forthcoming,  apart  altogether  from  infection  by"  the  liLita 
case;  moreover,  it  is  probable  that  some  so-called  "Cturn  cases^^ 
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may  be  really  attributable  to  newly  bringing  into  use  imperfectly 
disinfected  garments.  Again,  "the  possible  influence  of  school 
attendance  in  its  relation  to  alleged  return  cases  is,  perhaps, 
especially  deserving  of  attention,"  and  "  the  possibility  of  alleged 
return  cases  being  part  and  parcel  of  a  milk  outbreak  should 
also,  of  course,  be  borne  in  mind." 

With  re^^ard  to   the  influence  in  this  connection   of  school 
operations, "a    report    by   T.   W.   Thompson    on   return  cases 
of  scarlatina   (Twenty-fourth   Annual   Report   of   the  Medical 
Oflicer  of  the  Local  Government  Board)  is  particularly  instruc- 
tive     Questions  as  to  the  general  character  of  the  households 
from  which  patients  were  sent   to  hospital,  and   as  to  excess 
in  them,  of  persons  of  the  ages  most  susceptible  to  scarlatina,  and 
of  scholars  at  public  elementary  schools,  were  regarded,  by  this 
observer,  as  having  had  some  share  in  determining  the  preponder- 
ating incidence  of  secondary  scarlatina  on  particular  households  in 
Bromley  and  Beckenham,  in  the  years  1892-4.    He  did  not  find 
"sufficient  evidence  to  show  the  extent  to  which,  if  indeed  at  all, 
such  cases  were  attributable  to  defective  hospital  admimstration 
though  he  thought  it  not  improbable  that  overcrowding  of  the 
hospital  wards  might   have   contributed  to  the   production  of 
secondary  cases.    He  further  drew  attention  to  the  influence  of 
season,  and  to  that  of  the  stage  of  the  epidemic,  as  probably 
having  important  concern  with  the  occurrence  of  "  return  cases^^ 

Dr  W  J.  R.  Simpson  reported  in  1899  to  the  Metropolitan 
Asylums  Board  on  "Return  Cases  of  Scarlatina  and  Diphtheria 
He  found  that  during  the  six  months  October  l^t,  1898,  to 
March  1st,  1899,  6,507  cases  of  scarlet  fever  and  3,275  cases  of 
diphtheria  were  discharged  from  the  Board's  hospitals;  during  the 
same  period  there  appeared,  ^vithin  a  month,  m  houses  o  which 
discharged  cases  were  returned,  253  fresh  cases  of  scarlet_  fe  er 
and  86  of  diphtheria.  "There  occurred  at  the  same  \m«  m  the 
districts  of  London  13,955  cases  of  scarlet  fever  and  diphtheria  o 
that  the  339  secondary  cases  arising  in  houses  subsequent  to  the 
arrival  of  primary  cases  discharged  from  hospital,  --e  equa  to  a 
percentage  of  2-4  on  the  total  number  notified,  or  2-8  for  scarlet 
Zel  and  L9  for  diphtheria.*    The  incidence  varied  much  m 

S  be  expected,  as  a  ^  tTl"^^^^^^^^^ 

house  in  London  was  equally  likely  to  be  mvaaca. 
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ditterent  parts  of  London,  it  attained  a  maximum  in  Battersea 
.-^.ere  secondary  cases  of  scarlet  fever  represented  8  per  cent,  of 
the  total  notified  cases,  and  secondary  cases  of  diphtheria  amounted 
to  5  . per  cent,  of  the  notified  diphtheria  cases. 

On  making  personal  inquiry  concerning  the  339  secondary  cases 
Simpson  found  that   in    123,   or   36   per  cent.,  there   was  no 
evidence  to  support  the  conclusion  that  they  were  return  cases  : 
hus  in  some  instances  the  secondary  cases  occurred  immediately 
before  the  primary  cases  returned  home;  or,  again,  the  secondary 
case  was  one  of  a  different  form  of  disease  from  that  affecting  the 
supposed  primary  case.    In  other  instances  some  other  probable 
source  of  infection  was  heard  of-infected  clothing,  toys,  etc. ;  and 
m  the  remaining  cases  there  was  no  evidence  "  from  either  the 
condition  of  the  primary  case  or  in  the  circumstances  under  which 
the  Illness  of  the  secondary  case  took  place,  to  show  that  the 
infection  was  connected  with  the  return  home  of  the  primary  " 
Again  ui  thirty-six  cases  the  e^•idence  was  of  a  doubtful  nature  • 
while  m  seventeen  others  it  was  impossible  to  dissociate  infected 
clothing,  etc.,  or  house  infection,  from  personal  infection. 

There  reniained  159,  or  rather  less  than  half  the  total  number 

mfect  vity  of  the  primary  case."     He  noted  that  the  primary 

mfective  scarlet  fever^cases  were  more  than  twice  as  numeCs  Z 

of  houses  being  taken  as  600,000,  the  nnmherof^^i^rie:^^^asi^^^,, 

months  would  approximately  be  x  12  000  nr  4n   Tf  • 

'        800.000  or  40.  It  is  obvious  that 

aU  the  600,000  houses  are  not  equaUy  liJcely  to  be  invaded-  manv  oo.tn' 

tuated  i°  ^'■''^^^"^  ^^hich  the  house  i! 

situated  from  disease,  of  infection  being  acquired     Havin.  to^^J  .  V 

'."S^'e  ZTLT  '"/^"T'?" ..oS 

vlnZT  '    .  localities  where  the  population  is 

tuX  f^'T'  ''''''      '''''  ''''  -^o-e-^entioned  40  must  fa 

e^tplain.    It  may  be  assumed,  moreover,  that  a  certain  number  of  on  .0.  17  . 

n^:::ir-ru^'^^^''^'."^-^"^  P-sistenee  :f  :;meTo:r  f  o1 

nflucnce    T,       ^"^t.^^^^^^-^^^-t.  and  quite  independently  of  hospita 

""ring  the  e        w^;.  •  ^"'^      ^  ^^'^^  case,  than  the/are 

«irt,.  °  comprising  the  fourth  to  the  seventh  fi 

xt    nth  to  the  nineteenth  weeks,  after  such  first  no  l^oT  Tl 

'ccurn  c,'i>e3    in  his  Annual  Ileport  for  1901.  s^ojecc 
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the  diphtheria  cases ;  that  the  percentage  of  primary  infective  cases 
did   not  greatly  vary  when  the  eleven  individual  hospitals  dis- 
charging cases  Avere  separately  considered  ;  and  that  the  variation 
such'as  it  was,  did  not  appear  in  any  way  to  be  connected  with 
shorter   detention   of   the  patients  in  the  hospitals  concerned ; 
further  that  while  only  in  rare  instances  was  desquamation  present 
in  the  primary  infective  cases,  in  at  least  four-fifths  of  these  cases 
discharge  from  one  or  other  mucous  membrane  was  found  to  be 
present"     Of  the  infective  primary  cases  the  majority  had  not 
been  isolated  for  a  specially  brief  period,  and  in  one  instance  the 
supposed  primary  case  had  actually  been  detained  eight  months 
in  hospital.     Simpson  attached  much  importance  to  the  mucous 
discharc^es  to  which  reference  has  been  made,  and  he  advanced 
the  hypothesis  that  these  discharges  do  not  themselves  possess 
infectious  properties,  unless  it  be  by  acting  as  suitable  media 
and  carriers  for  any  possible  infection  that  may  come  m  contact 
with  them.    His  reasons  for  thinking  that  the  secretion,  ;jer  se,  is 
not  infectious,  but  that  it  has  been  rendered  infective  by  accidental 
contamination,  are : — 

1   That  the  Avard  itself  is  in  an  infective  state. 

2"  That  the  infective  property  does  not  continue  long  when  the 

patient  returns  home,  though  the  discharge  continues. 
3   That  when  there  is  a  recurrence  of  the  discharge  some  time 
after  the  return  home  of  the  patient  from  hospital,  the 
patient  is  not  infective,  and 
4.  That  a  large  number  of  children  with  discharge  from  the  ear 

or  nose  go  home  without  infecting  anyone  else. 
Simpson  refers  to  the  need  of  caution  ANith  regard  to  tne  use 
of  warm  baths  immediately  before  discharge  in  winter  and  to  the 
desirability  of  issuing  instructions  to  parents,  so  that  suitable 
precautions  may  be  taken  when  the  patient  returns  home  ;  he  also 
thinks  that  more  attention  might  be  paid  to  the  disinfection  of 
clothes  by  steam,  and  advocates,  on  the  whole,  a  reduction  rather 
than  an  extension  of  the  duration  of  the  period  of  detention  of 
scarlet  fever  and  diphtheria  cases  in  hospital      This  -epor  ,  and 
the  observations  made  upon  it  by  the  medical  superintendent 
of  the  various  hospitals,   were   considered  by   a  committee  01 
the  Boyal  College  of  Physicians.    The  committee  commented  on 
the  small  percentage  of  the  cases  found  to  have  given  rise  to 
fresh  infections,  and  considered  that  possibly  too  much  importance 
had  hitherto  been  attached  to  the  infectivity  of  the  skin  dur  ng 
the  later  weeks  of  scarlatinal  convalescence.    With  regard  to  t^ 
question  of  infectivity  of  the  mucous  discharges,  the  committee 
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suggested  that  further  inquiry  should  be  made.    "If,"  they  sav 
"It  can  be  proved  that  the  discharge  after  a  time  cot.titutes 
•simply  the  vehicle,  as  suggested  by  Dr.  Simpson,  and  is  not  n 
nature  xnfectzve,  as  is  usually  believed,  it  is  obvious  tha  the 
practice  of  removing  the  patient  from  an  infective  environment  fo 

Idtt  'd  ' '""^  ^^^^^^^ 

tre!fren?o7Th"V'^T'"^  ^^^^^^  ^d«P*-^  the 

llTT  t  V  ^^^^-^^ti^^^  convalescents,  bathing  in  warm 
vate  thorough  apphcation  of  soap,  etc.,  cleansing  of  the  hair  and 
th  hke,  may  with  advantage  be  supplemented  by  the  u^  o^ 
ant.septxc  solutions  to  affected  mucous  surfaces.  The  noz  le  o  the 
syringe  used  should  of  course,  be  kept  in  a  germicidal  sott:^  n  o 
a.  to  prevent  spread  of  disease  from  one  patient  to  another  The 
.importance  of  disinfecting  clothing,  bedding,  furnitur     and  ^ 

:f  •  '^^^"7  "'T'  '''^-^''^  — i 

,\  ^  ^^^'^^^^   to  the   liability  of   milk  to  spread 

Sleeping  Sickness:   African  Letharg-y -This  dise... 

occu        tropical  West  Africa,  particularly  on  the^Wer  Con 

also  m  the  basins  of  the  Niger  and  Sene<^al  river.      T+  '='''7* 

deve.opec,  u„«,  .„„e  ti.e  ai.  reu,:^T:;,^y\::^^ 

«rj::"if ""'.r °' -•on.itif s.m  t,: 

}  e»n„  may  elapse  bet^-een  exposure  to  infection,  in  such  a  place  IT^ 
tJie  appearance  of  symptoms.     At  the  onset  of  Pff- 
-pileptiform  attack  som  tin.es  occurL°uallv  iL  t  ,1  f 
and  somnolence  develop;  muscular  1^^^^^'^:^^ 

c'^irtmrr'thr''' ^  ^^^-^ 

Pr„r^+•      '^»''"'''"t        the  cervical  glands  and  a  papulo-vesicular 

p^s'r'  hT"^^^  '  f'^'r  '^^-^ 

Sbutiof  oTT  --^«P--^--  between  the 

•sleeping  sLknesf    '  "  ^^'^P^-We  for 

poshrth;?^^-";;^"'"''--^^""  "  considerable  reason  for  sup- 
posing that  small-pox  prevailed  in  Hindustan  and  in  Chinn  ^J 
the  Christian  era,  and  the  practice  of  inoculation      saJd  to 
been  introduced  in  the  last-named  country  in  690  a  o     A  ? 
Greece   and   Rome,  the  existence  of  outbreaks  of  tit  "T'f' 

A.D.,  wrote  a  treatise  on  small-pox  and  measles,  and  it  is 
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clear  that  small-pox  was  well  known  to  other  Arabian  physicians. 
In  Europe  in  the  middle  ages  the  accounts  given,  in  annals  kept  in 
various  monasteries,  make  it  probable  that  the  disease  from  time  to 
time  prevailed.  Certain  early  references  in  Irish  records  have  in 
particular  been  cited  in  proof  of  this.  In  Iceland  numerouK 
outbreaks  are  said  to  have  occurred  from  the  thirteenth  century 
onwards.  In  England,  indications  of  a  detailed  and  precise 
character  are  not  forthcoming  in  the  dark  ages.  In  the 
Elizabethan  period  the  disease  was  already  well  known,  and 
the  earliest  Bills  of  Mortality  show  that  small-pox  was  thoroughly 
established  in  London;  indeed,  from  1629  onwards  it  appears  to 
have  been  constantly  present. 

The  malady  caused  somewhat  higher  mortality  in  the  eighteenth 
than  in  the  seventeenth  century;  the  highest  proportion  of  deaths 
attributed  to  the  disease  was  attained  in  1796,  when  out  of  a 
thousand  deaths  from  all  causes  included  in  "the  bills,"  184  were 
ascribed  to  small-pox.    This  proportion  probably  understates  the 
actual  facts,  as  it  is  doubtful  whether  deaths  from  small-pox  under 
two  years  of  age  were  included  in  the  returns.    There  was^a  steady 
decline  subsequent  to  the  introduction  of  vaccination  in  1798;  but 
a  considerable  prevalence,  though  one  of  comparatively  small  pro- 
portions when  gauged  by  the  eighteenth-century  standard,  again 
occurred  in  1838.    Then  followed  rather  more  than  thirty  years, 
of  relative  freedom   from  the  disease,  though  during  this  time 
outbreaks,  of  comparatively  small  magnitude,  developed  at  intervals, 
of  three  to  five  years.    In  1871  a  considerable  prevalence  occurred, 
the  death-rate  per  million  in  England  and  Wales  being  almost  as. 
hi-h  as  it  had  been  in  1838.    In  the  years  subsequent  to  1871  small 
epidemics  prevailed  at  intervals  of  four  or  five  years,  the  last  of  thia 
series  of  any  considerable  importance  being  that  of  188o,  when  104 
persons  per  million  in  England  and  Wales  died  of  small-pox.  Then 
followed  a  period  of  markedly  lessened  prevalence  of  the  disease, 
though  in  1893  the  mortality  in  England  and  Wales  reached  49  per 
million  living.     In  1901-1902  small-pox  again  manifested  ability 

to  spread  in  London.  x-   „  +^ 

GeoqrapMml  Distrihution.-^m^\\-VO^  has  occurred  from  time  to- 
time  over  almost  the  whole  inhabited  globe,  though  m  Australia, 
and  in  New  Zealand  it  has  hitherto  never  attained  anything  like 
the  proportions  of  an  epidemic.  In  parts  of  Africa  and  of  Asia  it 
appears  to  be  almost  constantly  present,  and,  in  particular,  Egypt^ 
Nubia,  Abyssinia,  and  the  Soudan,  on  the  one  hand,  and  Persia 
Arabia,  and  India,  on  the  other,  have  been  spoken  oi  as  endemiu 
foci  of  the  disease. 


INFECTIOUS  DISEASES. 


42.1 


::>easonal  Prevalence. —In  this  country,  small-pox  tends  to  be 
above  the  mean  in  the  first  half  of  the  year,  and  below  it  in 
the  latter  half.    In  the  East  the  spread  of  the  malady  appears 


Jan.  Feb.    Mar.    Apr.  May   June    July    Aug.  .Sept.    Oct.    ^^oo.  Dec. 


Fig.  9l.-SitALL-pox  in  London  (sixty  years,  1841-1900) 
The  mean  Ime  represents  an  average  weekly  number  of  fourteen  deaths 
(After  Shirley  Murphy.) 

to  be  less  marked  in  hot  seasons,  and  to  be  favoured  in  cold 
seasons.  6'od  and  Climate  seem  to  have  little  or  no  influence 
upon  small-pox.  As  regards  Hccce,  it  may  be  noted  that  negroes 
are  pecuharly  susceptible. 

Age  and  Sex.  M^le,  suffer  at  almost  all  ages  to  a  greater  extent 
than  females.  The  question  of  age-incidence  is  largely  affected  by 
the  periodicity  of  epidemics,  a  point  ^vhich  has  been  already  re- 
erred  to.  Moreover,  the  remarkable  variations  in  age-incidence 
vhxch  have  occurred,  as  vaccination  has  been  more  and  more 
thoroughly  and  extensively  put  in  practice,  mil  have  to  be  later 
considered. 

bv^hrrrrf>;'"-r'"'r'''"''  P^^^^^^^  ^"^^^^^^^  "-dances 
by  the  breath;  It  is  also  transmitted  by  clothing,  rags,  etc.  The 

researches  of  Power  have  shown  that  the  diseasr  ma^  be  aerially 

transmitted  through  considerable  distances,  under  certain  flvo^^ 

conditions,  indeed  a  marked  incidence  of  the  malady  upon 

P  rsons  living  in  houses  situated  even  from  three-quarteL  of  " 

cente  h^  7  f  r'''^'''  ^"^P^*^^^'  ""'"''^S  as  an  infecting 

centie,  has  been  repeatedly  observed  (See  p.  300) 

The  incubation  period  is  usually  twelve  days,  the  initial  symptoms 
connnonly  appearing  on  the  thirteenth,  id   the  rrsh '  o     t  e 
fifteenth  day.    The  latent  period  may  be,  however,  lon'r 
horter  than  that  specified,  by  four  or  five  days,  and  the  rl  h  i 

specially  fatal  when  it  affects  populations  it  lias  not  previously 
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attacked.    Age  exerts  conwideraljle  influence,  the  fatality  being 
higli  in  infancy,  decreasing  to  a  minimum  between  the  tenth  and 
the  fifteenth  years,  and  then  increasing  fairly  steadily  again  as 
age   advances.    Hence   the  distribution  in  ages,  of  susceptible 
persons,  in  a  particular  population  attacked,  materially  influences 
the  fatality  observed  in  individual  outbreaks.    In  the  eighteenth 
century  Dr.  Jurin  collected  particulars  concerning  some  18,000 
cases,  which  showed  an  average  case-mortality  of  16  to  18  per  cent. 
In  the  one  instance— that  of  Aynho,  in  Northamptonshire— in 
which  the  ages  at  death  are  given,  most  of  the  cases  occurred 
at  from  five  to  twenty-five  years  of  age,  and  no  mention  is  made  of 
deaths  under  two  years  of  age.    McVail  has  suggested  that  "Jurin 
did  not  knowingly  set  down  any  deaths  under  two  years  old  as  due 
to  small-pox,"  but  relegated  them  to  other  headings,  and  that  his 
percentages  are  irretrievably  damaged  by  this  omission.  "What- 
ever may  be   the   correct   interpretation  of  Jurin's  statistics, 
there  can  be  no  question  that  the  fatality  of  the  disease  among 
unvaccinated  persons,  as  observed  in  hospitals  since  precise  records 
have  been  collected,  has  been  considerably  higher  than  18  per 
cent. ;  indeed,  it  has  been  found  to  be  from  30  to  40  per  cent,  or 
more  at  all  ages.    The  protection  afibrded  by  an  attack  of  natural 
small-pox  is  considerable,  but  by  no  means  absolute  throughout 
life. 

Inoculation  of  small-pox  virus  was  found  to  be  followed  by  the 
appearance  of  a  small  papule  on  the  second  day;  this  became 
vesicular,  with  evidence  of  depression,  as  a  rule,  in  the  centre 
of  the  vesicle,  on  the  fifth  day.    On  the  seventh  day  the  vesicles 
contained  pus,  and  the  central  depression  was  more  marked  :  an 
areola  was  developed,    which   enlarged,  as  a  rule,   up   to  the 
tenth  day;  within  its  area  secondary  pustules  usually  appeared. 
The  pustule   was  commonly  observed  to  dry  up  after  about  a 
fortnight,  and  the  crusts  separated  from  the  end  of  the  third 
to  the  beginning  of  the  fifth  week.    Inoculation  was  introduced 
in  this  country  in  1721,  and  the  practice  was  gradually  extended. 
One  operator  alone,  Daniel  Sutton,  claimed,  in  1796,  that  he 
had  inoculated  100,000  persons.    The  "  Suttonian  method  "  appears 
to  have  consisted,  essentially,  in  taking  material  exclusively  from 
the    "mother   pustule"—/.^.,   before   the  general  eruption  had 
appeared. 

Vaccination. 

The  history  of  small-pox  in  the  nineteenth  century  is  intimately 
bound  up  with  the  subject  of  vaccination ;  and  the  influence  winch. 
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this  last-named  operation  exerts  upon  the  disease  must  be  con- 
sidered in  detail. 

The  course  run  in  an  ordinary  vaccination  is  as  follows : — A 
small  elevation  develops  on  the  second  or  third  day.  On  the  fifth 
or  sixth  day  this  pustule  becomes  a  vesicle,  and  presents  a  slight 
central  depression ;  but  this  does  not  become  so  marked  as  in  the 
case  of  inoculation  of  the  small-pox  virus,  and  secondary  pustules 
do  not  later  appear,  as  has  been  noted  to  be  usually  the  case  in 
inoculation.  The  vaccine  vesicle  attains  maturity  on  the  eighth 
day,  when  it  is  full  of  clear  lymph,  and  is  surrounded  by  an  areola, 
which  may  ultimately  extend  until  its  diameter  is  from  one  to 
three  inches.  About  the  tenth  day  the  fluid  of  the  vesicle,  now 
opaque,  begins  to  dry  up,  and  a  scab  is  formed,  which  separates, 
lea^-ing  a  scar  at  the  end  of  about  three  weeks.  The  phenomena  in 
revaccination  differ  from  those  already  described.  The  maximum 
effect  may  be  produced  on  or  before  the  fifth  day ;  vesiculation  may 
never  be  observed,  or  the  vesicles,  if  formed,  may  abort,  and  the 
scabs  may  separate  early.  The  areola  extends,  however,  more  widely, 
as  a  rule,  and  glandular  enlargement  and  considerable  febrile 
disturbance  may  be  produced. 

The  incubation  of  vaccination  is  shorter  than  that  of  small-pox, 
and  hence,  according  to  Marson,  successful  vaccination,  within  three 
days  of  exposure  to  infection,  may  altogether  prevent  an  attack  of 
the  disease,  and,  even  as  late  as  the  sixth  day,  the  attack  may  be 
distinctly  modified.  It  was  the  practice  until  recently  to  vaccinate 
from  arm  to  arm;  an  animal  station,  providing  for  vaccination 
directly  from  the  calf,  was  established,  however,  by  the  EngHsh 
Government  in  1881.  Copeman,  in  1891,  called  attention  to  tho 
desirability  of  employing  glycerinated  lymph.  The  glycerine  rapidly 
destroys  extraneous  organisms;  but  for  a  time  the  lymph  still 
manifests  ability  to  produce  characteristic  appearances,  at  the  site 
of  inoculation,  and  it  is  assumed  that  its  protective  properties  are 
not  materially  impaired.  Glycerinated  calf  lymph  is  now  largely 
used  for  the  purposes  of  vaccination. 

The  grounds  for  concluding  that  vaccination  profoundly  modi- 
fies, if  it  does  not  altogether  prevent,  a  subsequent  attack  of  small- 
pox, may  be  considei-ed  under  the  following  heads  :  

I.  The  reasons  which  orginaUy  led  to  the  belief  that  vaccina- 
tion affords  protection  against  small-pox.— Towards  the  end  of 
tlie  eigliteenth  century  the  notion  was  entertained,  by  dairymen  and 
others  in  places  where  cow-pox  prevailed,  that  persons  who  had 
.suffered  from  cow-pox  were  protected  against  subsequent  attack  by 
«mall-pox.    Benjamin  Jesty,  a  Dorsetshire  farmer,  in  1774,  inocu- 
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lated  his  wife  and  sons  with  cow-pox  material,  with  a  view  to 
affording  them  such  protection.  Edward  Jenner,  when  an  appren- 
tice in  Gloucestershire,  about  1768,  had  heard  of  the  belief  held 
by  the  dairy  folk,  and  he  instituted  a  prolonged  investigation  into 
the  matter,  and  at  length,  in  1798,  published  his  "  Inquiry  into  tlie 
Causes  and  Effects  of  the  Variolae  Vaccina;." 

In  this  treatise  he  recorded  nineteen  instances,  which  he  had 
observed  of  persons  who  had  accidentally  acquired  cow-pox,  and 
who  appeared  subsequently  to  be  incapable  of  taking  small-pox, 
their  insusceptibility  being  deduced  from  their  failing  to  contract 
the  disease  on  being  exposed  to  it,  or  from  the  fact  that  they 
did  not  respond  to  the  "variolous  test" — i.e.,  to  inoculation  with 
small-pox  material.  Jenner,  moreover,  gave  particulars  concerning 
the  inoculation  of  a  boy  (Phipps)  with  cow-pox  material  in  1796- 
He  described  the  appearances  produced  at  the  site  of  inoculation, 
and  the  failure  of  the  variolous  test  when  tried  six  weeks  later, 
and  again,  when  applied  after  an  interval  of  some  months.  Further, 
Jenner  related  how,  in  1798,  he  inoculated  a  child  A\-ith  cow-pox 
material;  from  this  child  another  child;  from  this  again  several 
children ;  from  one  of  these  a  fourth  in  succession,  and  then  a  fifth. 
In  three  of  these  children  the  variolous  test  was  applied  with  a 
negative  result. 

In  1799  Woodville  and  Pearson  instituted  an  inquiry  into  the 
matter,  and  the  practice  of  vaccination  was  gradually  extended. 
Some  of  Woodville's  cases  developed  a  pustular  eruption,  and 
it  would  appear,  therefore,  that  his  results  were  compKcated  by 
the  occurrence  of  small-pox  infection,  and  that  he  Avas  not 
dealing  with  cow-pox  exclusively,  but  that  a  number  of  his  patients 
were  actually  suffering  from  small-pox.  The  test  of  immunity  was 
applied,  however,  in  all  instances,  and  no  contrast  was  observed,  as 
regarded  the  protection  afforded,  between  the  cases  in  which  an 
eruption  appeared,  and  those  in  which  it  did  not.  Moreover,  as 
is  noted  in  the  Final  Report  of  the  Vaccination  Commission,  1896, 
"  admitting  the  error  introduced  by  the  pustular  cases,  it  must  be 
remembered  that  the  error  was  of  brief  duration ;  the  pustular 
cases  relatively  numerous  at  the  outset,  in  the  experience  of 
Woodville,  and  in  that  of  some  other  observers,  soon  became 
exceptional  in  the  experience  of  all.  Within  one  or  two  years  the 
error  was  recognised,  and  it  was  generally  acknowledged  that 
inoculated  cow-pox  differed  clearly  from  inoculated  small-pox,  in 
being,  as  a  rule,  unaccompanied  by  an  eruption  of  pustules,  and 
especially  in  not  being  contagious."  _ 

The  College   of   Physicians   reported   on  vaccination  to  tJie 
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House  of  Commons  in  1807,  and  as  the  result  of  their  inquiry 
"felt  It  to  be  their  duty  strongly  to  recommend  the  practice  of 
vaccmation."    Further,  vaccination  was  extensively  practised  on 
the  Continent.    Thus,  as  McVail  remarks,  "all  over  the  civilised 
Avorld  thousands  of  persons  who  had  not  undergone  a  certain 
prehmmary  operation  were  inoculated  with  the  virus  of  small- 
pox, and  with  a  very  small  percentage  of  failures  all  received  the 
disease;  and  simultaneously  all  over  the  civilised  world,  thousands 
of  persons  who  had   undergone   the   preliminary  operation  in 
question,  were  also  inoculated  with  the  virus  of  small-pox,  and 
with  a  very  small  percentage  of  exceptions  all  resisted  the  disease  " 
It  has  been  observed  that  the  tests  applied  by  the  early  vaccin- 
ators were  "  equal  in  value  to  the  experiments  carried  on  in  the 
biological  laboratories  of  the  present  day;  while  in  number  they 
were  infinitely  greater." 

II.  The  bshaviour  of  small-pox  subsequent  to  the  introduction 
of  vaccination.  -In  the  Final  Report  of  1896,  this  matter  is  dis- 
cussed under  two  heads;  the  earlier  period  (1800  to  1825)  being 
first  dealt  vnth,  and  then  the  period  since  1825 

A.  The  London  "bills"  and  the  records  of  small-pox  mortality 
which  are  forthcoming  from  other  parts  of  the  country,  the  Swedish 
figure.s  which  date  from  1774,  those  of  Copenhagen,  which 
extend  back_  to  1750,  and  the  available  statistics  relatin^r  to 
other  countries  of  Western  Europe  and  to  the  United  Stated,  all 
indicate  that  the  first  quarter  of  the  nineteenth  century  'was 

<  fri  l«m  1    r""'^""  S-eclen, 

hom  1801  onwards,  there  is  a  fall,  becoming  great  after  1&09  " 

In   Copenhagen    "small-pox   was   prevalent   up   to    1801  then 

«u  denly  declined;  indeed,  for  a  .^ile  it  quit^  diLppeaLl 

<leaths  being  recorded  between  the  years  1810  and  1824  " 

It  has  been  urged  that  the  introduction  of  vaccination  tended 

to  cause  the  abandonment  of  inoculation,  and  that  inasmuch 

as  inoculation  had    increased    the    amount   of   small-pox  the 

centu.y  ,s  explicable  as  resulting  from  decrease  of  inoculation  The 
eilTrorth  T'^rx,"'  aeal  with  this  objection  in  paragraphs 
b4--7o  of  their  Innal  Report.    They  point  out  that  the  increase 

a  l  an    7-      .1  "°  inoculation  at 

a  grea  t""'  ^^^^^^  was  very  little,  to 

thfn  inoo  r  r"""  ''''''  ^^"""S  the  third  quar  er, 

hen  inoculation  was  most  prevalent.  Moreover,  as  they  note 
^t  Hhould  be  borne  in  mind  that  inoculated  small-pox  was,'on  the 
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whole,  much  less  fatal  than  the  naturally  acquired  disease; 
and  they  refer  to  records  which  indicate  that  inoculation,  when 
carefully  practised,  may  materially  diminish  mortality  from  small- 
pox. They  say  "  the  general  conclusion  which  may  be  drawn 
seems  to  be  that  inoculation  had  a  double  influence,  the  one 
favourable,  the  other  unfavourable,  as  regards  small-pox,  and  owing 
to  the  conflict  between  these  two  influences  it  produced  but  little 
effect  upon  the  prevalence  of,  or  mortality  from,  small-pox." 

Another  suggestion  which  has  been  made  is  that  the  decline  of 
small-pox,  which  followed  the  introduction  of  vaccination,  was  due  to 
improved  sanitary  conditions ;  a  similar  diminution  did  not,  however, 
occur  in  the  case  of  measles,  but,  on  the  other  hand,  there  was  a 
marked  falling  off  in  the  number  of  deaths  returned  as  being  caused 
by  "  fevers."  As  regards  this  last-mentioned  phenomenon,  however, 
altered  nomenclature  was  probably  largely  operative;  indeed, 
"scarcely  any  heading  in  the  bills  can  be  less  safely  trusted  as  an 
indication  of  the  conditions  affecting  disease  "  ;  further,  the  decline 
was  observed  not  merely  in  this  country,  but  in  other  countries  where 
the  sanitary  conditions  were  widely  different  (-See  also  p.  430).  ^ 

The  Commissioners  in  summarising  the  evidence  say,  "  The  decline 
in  question  followed  upon  the  introduction  of  the  practice  of  vaccina- 
tion    The  records  of  Western  Europe  and  the  United  States  show 
that,  in  all  places  whence  returns  were  obtained,  the  introduction 
of  vaccination  was  followed  by  a  decline  of  small-pox,  the  dechne 
becoming  especially  apparent  after  the  lapse  of  such  time  as  may 
be  supposed  to  be  necessary  for  the  due  spread  of  the  practice  ; 
moreover,  the  spread  of  the  practice  and  the  decline  of  the  disease 
do  not  stand  as  two  phenomena  simply  following  the  same  course, 
but  without  any  tie  joining  the  two ;  the  experimental  evidence 
offered  at  the  time-namely,  that  the  class  of  vaccinated  persons 
did  not  take  small-pox,  by  way  either  of  exposure  to  natural 
contagion  or  of  inoculation,  as  the  unvaccinated  did-connect^s  he 
two  and  points  to  the  spread  of  the  practice  as  the  cause  of  the 

decline."  .  .  ,.„;i.,ui« 

It  further  appears,  from    such   information   as   is   a^alUb  e 
that  in  countries  where  vaccination  did  not  become  genera  e 
decline  did  not  occur ;  and,  with  regard  to  the  objection  that  the 
decline  observed  was  out  of  all   proportion  to  the  amount  o 
vaccination  that  prevailed,  it  has  to  be  borne  in  mind  that,  n 
the  early  part  of  the  last  century,  only  a  small  portion  of  the 
population  needed  to  be  protected  by  vaccination,  masmucli^ 
at  that  time  large  numbers  of  persons  had  been  rendered  immune 
by  previous  attacks  of  small-pox,  either  natural  or  inoculated. 
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B.  The  statistical  data  which  have  accumulated,  during  the  last 
three  quarters  of  the  nineteenth  century,  aft'ord  a  mass  of  material 
for  study  in  connection  with-  the  protective  influence  of  vaccination 
against  small-pox.  In  England  and  Wales  the  registration  of 
deaths  commenced  in  1837,  in  Scotland  in  1855,  and  in  Ireland  not 
until  186-1.  In  the  later  years  of  the  century,  observations  made 
at  small-pox  hospitals  and  special  reports  upon  particular  outbreaks 
of  the  disease  became  available.  The  facts  may  be  examined  under 
several  heads. 

(a.)  Vaccination  Legislation  and  Small-pox  Moetality.— In 
1840  an  Act  was  passed  to  extend  the  practice  of  vaccination,  by 
which  the  guardians  and  overseers  of  parishes  were  empowered  to- 
contract  for  the  performance  of  vaccination.  The  same  Act  made 
inoculation  of  small-pox  illegal.  In  1841  it  was  enacted  that  the 
expenses  of  carrying  out  the  Act  of  1840  should  be  chargeable  to- 
the  poor-rate,  but  that  no  disability  or  disqualification  should  attach 
to  any  person  vaccinated  by  the  parish  officer,  or  to  whom  surgical 
or  medical  assistance,  incident  to  the  vaccination,  was  rendered  by 
him. 

In  1853  vaccination  was  made  compulsory  and  enforceable  by 
penalty,  but  no  adequate  machinery  for  carrying  the  law  into  eflfect 
was  yet  provided.    The  Act  of  1867  authorised  the  appointment  of 
paid  vaccination  officers,  and  the  Act  of  1871  made  the  appoint- 
ment of  such  officers  compulsory  in  all  Unions.    From  1872  on- 
wards records  have  been  kept  by  the  Local  Government  Board 
showng  the  amount  of  vaccination,  performed  within  a  certain 
period  of  birth,  in  children  whose  births  are  registered  during 
each  year.   The  published  tables  exhibit,  for  each  year,  the  number 
of  births  and  give  the  figures  relating  to  those  successfully  vac- 
cinated, those  certified  as  insusceptible,  or  as  having  had  small-pox, 
and  also  the  number  of  those  dying  unvaccinated,  or  having 
\  accination  postponed  by  medical  certificate. 

The  children  not  finally  accounted  for,  including  cases  postponed 
constituted,  as  a  rule,  from  1872  to  1883,  rather  less  than  5  per  cent! 
ot  the  births  ;  the  percentage  then  gradually  increased  to  22-3  in 
18  J6.  In  1897  the  increase  was  for  the  first  time  checked,  the  percent- 
age in  that  year  being  21-6.  The  diminution  in  the  percentage  of 
children  vaccinated  since  1883  "did  not,  of  course,  necessarily  result 
at  once  in  a  diminished  proportion  of  the  population  wlio  had  at 
some  time  in  their  lives  been  vaccinated."  Broadly  speaking,  the 
proportion  of  children  primarily  vaccinated  steadily  grew  from  1840 
onwards,  with  an  augmented  rate  of  increase  after  1853,  and  again 
fven  more  notably,  after  the  years  from  1868  to  1872  The 
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pi-oportion  must,  liowever,  l«ive  diminished  from  sliortly  Ijefore 
the  year  1890,  onwards. 

There  has  been  in  England  and  Wales  a  notable  decline  in  the 
^small-pox  death-rate  ;  in  "  the  fifties  "  as  compared  with  the  earlier 
period,  and  in  "the  sixties"  as  compared  with  "the  fifties."  In 
1871  and  1872  the  death-rates  were  in  marked  excess,  attaining 
to  figures  comparable  with  those  of  the  earliest  years  of  the  regis- 
tration period;  in  the  remaining  years  of  "the  seventies"  the 
"decline  was  again  continued,  and  it  became  more  marked  in  "the 
eighties  "  and  in  the  closing  years  of  the  century. 

A  table  was  prepared  by  the  Registrar-General,  and  printed  in 
his  Forty-third  Annual  Report  (p.  xxii.),  in  illustration  of  the 
changes  which  had  occurred  in  the  death-rate  from  small-pox  at 
successive  periods  of  life.  This  table,  brought  up  to  date,  was 
presented  to  the  Vaccination  Commission,  and  is  here  given. 

Meak  Annual  Deaths  from  Small-pox  at  successive  Life  Pebiods, 
PER  Million,  living  at  each  Life  Period,  1847-53, 1854-71,  and  1872-87. 


Period. 


1.  Vaccination  optional, 

1847-53*   

2.  Vaccination  obligatory 

but  not  efficiently  en- 
forced, 1854-71 

3.  Vaccination  obligatory 

but  more  efficiently 
enforced  by  vaccina- 
tion officers,  1872-87 


All 
ages. 


305 
223 

114 


0-5. 

.5-10. 

10-15. 

15-25. 

!  =1 

25-45.   3  S 

•  ^  ^ 

1,617 

337 

94 

109 

66    1  22 

817 

243 

88 

163 

131  52 

242 

120 

69 

122 

107  ,  47 

!  1 

The  arrangement  of  this  table  has  been  made  the  subject  of  much 
criticism.  The  division  into  periods,  adopted  by  the  Registrar- 
General,  has  been  said  to  tell  in  favour  of  vaccination  inasmuch 
as  the  prevalence  of  1871  and  1872  falls  largely  within  the  second 
period,  whereas  it  is  urged  it  should  have  been  included  m  tlie 
third  period.  Having  regard  to  the  fact  that  a  large  proportion 
of  those  attacked  in  1871-72'  were  per.sons  of  the  higher  ages,  and 
that  many  of  them  were  born  before  1853,  when  vaccination  was 
optional,  the  contention  appears  to  be  beside  the  mark  ;  indeed,  tor 
the  purpose  of  examination  of  age-periods  attacked,  which  was  the 

'~*7n'tHs  tablc^tbe^Deriod  of  optional  vaccination  begins  with  1847,  not 
with  1838,  because  the  deaths  were  not  abstracted  in  combination  with  ag.. 
until  1847. 
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question  the  Registrar-General  had  in  view,  the  classification  adopted' 
seems  altogether  free  from  objection.    With  regard  to  the  "  sugges- 
tion "  which  has  been  made  that  the  division  should  be  made  by  the 
law  of  1867,  and  not  by  that  of  1871,  the  inclusion  or  exclusion,, 
of  the  figures  of  the  1871  outbreak,  can  of  course  be  shown  to. 
affect  the  figures  of  groups  of  a  few  years,  surrounding,  and  in-, 
eluding  or  excluding,  that    date ;  speaking  generally,  however,,  ' 
there  has  been,  since  1838,  a  marked  though  irregular  decline  in 
the  death-rate  from  small-pox,  though  this  decHne  has  not  been 
shared  alike  by  the  population  at  every  age ;  indeed,  at  higher  ages, 
there  has  been  actual  increase  in  the  death-rate.    This  question  of 
altered  age-incidence  will  be  further  considered  almost  immediately.. 

In  Scotland,  gratuitous  vaccination  had  been  provided  since  1848,, 
but  it  was  not  until  1863  that  vaccination  was  made  compulsory.. 
Returns,  relating  to  the  primary  vaccination  of  children,  show  that, 
between  1864  and  1893  the  number  unaccounted  for  was  only 
about  3  per  cent.,  with,  in  later  years,  a  slight  increase  to  over' 
4  per  cent.  From  1855-64  the  small-pox  mortality  varied  between 
11  and  58  per  100,000  living;  after  this  there  was  a  marked 
decline;  then  there  was  marked  prevalence  during  the  years, 
1871-74,  followed  by  a  sudden  decline ;  and  no  considerable  pre-^ 
valence  again  occurred  during  the  remaining  years  of  the  century. 

In  Ireland,  in  1840-41,  as  in  England  and  Wales,  provision  was. 
made  for  vaccination.    The  law  Avas  amended  in  1851  and  1858, 
but  it  was  not  until  1863  that  vaccination  was  made  compulsory! 
Further  Acts  were  passed  in  1878  and  1879.     Approximate  figures 
relating  to  the  death-rate  in  Ireland  are  available  for  1831-41, 
1841-51,  and  1851-61,  the  average  annual  rates  per  100,000  living 
being  73,  49,  and  21  in  those  periods.    From  1864  onwards  the 
deaths  are  precisely  recorded,  and  show  marked  decline  after  1864, 
then  a  rise  corresponding  to  that  noted  in  England  and  Scotland  in 
the  years  1871  and  those  immediately  succeeding,  and  then  again 
decline,  with  some  irregularity,  but  becoming  particularly  marked 
after  1880. 

The  Vaccination  Commissioners,  in  their  Final  Report,  say—"  It 
seems  to  us  scarcely  possible  to  deny  that,  speaking  generally  of 
the  British  Isles,  a  more  vaccinated  population  has  exhibited  a 
diminished  mortality  from  small-pox.  It  was  not,  of  course,  to  he 
expected  that  this  should  be  seen  year  by  year,  or  that  the  corre- 
spondence should  be  exact,  even  assuming  vaccination  to  be  the 
principal  cause  of  this  diminished  mortality.  We  liave  already 
pointed  out  that  small-pox  tends  at  times  to  become  epidemic  i  e  to 
Hpread  more  readily  than  at  other  times.    The  occurrence 'of  tlie  ' 
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•conditions,  whatever  they  may  be,  wliich  cause  the  disease  to  be 
thus  epidemic  has,  of  course,  no  relation  to  the  state  of  the  popu- 
lation as  regards  vaccination,  even  conceding  to  the  full  that  it  has 
.a  protective  effect.  The  only  result  of  widespread  vaccination,  in  a 
•case  where  small-pox  became  epidemic,  would  be  to  render  the  exteiit 
of  the  epidemic  more  limited,  and  its  fatality  less  than  it  would 
otherwise  be.  All  that  we  should  anticipate,  then,  would  be  a 
general  correspondence  over  a  long  series  of  years  betM-een  a  vac- 
cinated condition  of  the  people  and  a  diminished  mortality  from 

small-pox."  1  .  ,  1 

It  has  been  sought  to  find  explanation  of  the  decline  which  has 
occurred,  in  altered  conditions  of  life  and  particularly  in  improve- 
ment of  sanitary  conditions.   But,  while  influences  which  may  have 
told  in  favour  of  a  reduction  of  mortality  have  been  at  work,  other 
influences  which  have  undoubtedly  had  an  opposite  effect,  such  as 
increased  aggregation  of  the  population  in  towns,  and  greater 
facilities  of  intercommunication  between  different  locahties,  have 
also  been  operative.     Again,  there  has  not  been  marked  reduction 
of  mortality  in  measles  and  whooping-cough,  diseases  which  may  be 
regarded  as  being  comparable  ^vith  small-pox.     In  the  case  of 
scarlet  fever  there  has  been,  it  is  true,  a  notable  decline,  but  this 
only  commenced  about  the  year  1880,  and  there  are  other  circum- 
stances which  indicate  that  it  in  no  way  corresponds  to  the  dechne 
in  small-pox  mortality  now  in  question;   in  particular  the  fact 
should  be  borne  in  mind  that  there  has  been  of  late  years  marked 
increase  in  the  mortality  registered  as  due  to  diphtheria:  further, 
more,  the  scarlet  fever  decline  stands  in  close  association  witli 
-the  carrying  into  more  and  more  complete  effect  of  an  elaborate 
.system  of  dealing  with  scarlet  fever  cases.     In  the  case  of  "  fevers, 
too,  the  mortality  has  notably  diminished;  but  here  again  altered 
nomenclature  has  undoubtedly  been  largely  operative.  Moreover,  the 
K^auses  which  have  mainly  contributed  to  the  diminution  of  malaria, 
and  of  typhus  and  enteric  fever,  have  been  to  a  large  extent  deter- 
mined, and  the  facts  which  have  been  brought  to  light  altogether 
discredit  any  attempt  to  institute  comparison  between  the  behaviour 
of  these  diseases  and  that  of  small-pox.     Finally,  the  decline  m 
.small-pox  mortality  has  been  attributed  to  measures  of  isolation. 
Doubtless  this  factor  has  been  largely  operative  in  recent  years 
but  it  cannot  be  held  to  explain  the  phenomena  of  the  extended 
period  which  has  been  passed  in  review. 

(6  )  The  Altered  Age-Incidence  of  Small-pox.— The  remark- 
able facts  which  have  been  brought  to  light  by  study  of  tlu- 
,statistic8  of  small-pox  mortality  in  relation  to  age,  yield  altogetJie. 
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unmistakable  evidence  of  the  protective  power  of  vaccination, 
while,  at  the  same  time,  they  indicate  that  the  immunity 
artorded  is  not,  as  was  at  one  time  supposed,  of  a  permanent  cha- 
racter, but  that  after  the  lapse  of  some  nine  or  ten  years  the  protec- 
tion against  attack  by  small-pox  becomes  lessened.  The  influence 
of  the  operation  in  modifying  the  nature  of  the  malady  if  it  is 
contracted  is,  however,  still  manifested,  as  will  be  seen  later, 
for  a  more  lengthened  period,  and  indeed,  it  would  appear,  through- 
out life. 

This  question  of  altered  age-incidence  has  already  been  cursorily 
referred  to.  The  discussion  of  the  facts  in  detail  is  given  in 
paragraphs  168—201  of  the  Final  Report;  only  some  of  the  main 
points  can  be  here  touched  upon.  The  Commissioners  give  the 
f  ollowng  table  : — 

England  and  Wales  :    Deaths  from  Small-pox  at  certain  Age 
Periods  to  1,000  Deaths  from  Small-pox  at  All  Ages. 


Under 
1. 

1—5. 

5—10. 

10—15. 

i 

1  15—25. 

i 

25—45. 

45  and 
upwards. 

1848-.54  ... 
1835-59  ... 
1860-64  ... 
186.5-69  ... 
1870-74  ... 
1875-79  ... 
1880-84  ... 
188.5-89  ... 
1890-94  ... 

251 
2.81 
2.87 
231 
143 
112 
113 
112 
166 

426 
328 
313 
314 
169 
129 
122 
81 
117  j 

130 
144 
108 
103 
140 
113 
98 
54 
50 

33 
37 
42 
33 
58 
72 
68 
51 
26 

75 
117 
123 
126 
200 
218 
216 
229 
131 

67 
112 
133 
145 
224 
266 
286 
344 
338 

18 
31 
44 
48 
66 
90 
97 
129 
172 

They  comment  as  follows  upon  these  figures :  

"The  first  point  calling  for  notice  is  that  in  the  period  1855-59, 
a.s  compared  with  the  earlier  period,  there  was  a  considerable 
diminution  in  the  share  of  .small-pox  mortality  borne  by  those 
between  one  and  five  years  of  age.  In  the  earlier  period  it  was 
426,  in  the  later  328.  As  regards  those  under  one  year  of  age 
the  share  fell  from  251  to  231.  It  must,  of  course,  be  remembered 
that,  whatever  the  prevalence  of  vaccination  amongst  children, 
the  age-period  under  one  year  will  always  contain  a  considerable 
unvaccinated  class.  We  are  naturally  led  to  inquire  whether 
there  is  anything  in  the  history  of  vaccination  to  account  for 
the  remarkable  change  we  have  adverted  to.  In  the  year  1853 
vaccination  was  made  compulsory,  and,  though  no  sufticient  means 
were  provided  for  rendering   the   law  efi-ectual,  it   cannot  be 
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doubted  that  it  was  calculated  to  increase  vaccination  in  the 

subsequent  years. 

The  next  marked  change  is  seen  in  the  quinquennium  1870  -74. 
The  proportion  of  small-pox  mortality  borne  by  those  under  one 
year  of  a£?e  decreased  from  231  to  143,  and  by  those  between 
one  and  five  years  of  age  from  314  to  169.    We  have  already  called 
.  attention  to  the  fact  that  in  1867  power  was  given  to  the  guardians 
to  appoint  vaccination  officers,  and  that  advantage  was  taken  of 
this  from  time  to  time  by  different  Unions,  though  a  large  number 
remained  without  such  officers  until  after  1871,  when  their  appoint- 
ment was  made  compulsory.    There  can  be  no  doubt  that  the 
efi"ect  of  this  legislation  was  to  cause  an  increasing  extension  of 
the  practice  of  vaccination  in  1868  and  subsequent  years,  and  very 
largely  to  increase  the  amount  of  vaccination  in  and  subsequently 
to  the  year  1871.    The  effect  of  this  would  be  at  once  felt  in  the 
earliest  age-periods,  and  at  a  period  correspondingly  later  in  the 
succeeding  age-periods.    We  have  already  pointed  out  the  marked 
change  in  the  incidence  below  five  years  of  age  in  the  quinquennium 
1870-74,  and  it  will  be  seen  that  in  subsequent  quinquennia 
there  wis  a  diminished  incidence  in  the  age-periods  5—10  and 
10—15,  and  later  still  in  the  period  15—25.     During  the  last 
quinquennium  there  has  been  some  increase  in  the  incidence  of 
the  disease  in  the  first  two  life-periods.    This  has  been  coincident 
Avith  some  diminution  in  the  practice  of  vaccination." 

On  examination  of  the  figures  for  a  later  quinquennium,  1895  -99, 
it  transpires  that  while  the  incidence  on  the  age  0—1  had  some- 
what diminished  (108  as  compared  with  166),  the  incidence  on  the 
a„e-period  1—5  had  increased  from  117  to  154,  and  the  next  age, 
5—10  showed  marked  increase  from  50  to  133.  The  figures  for 
the  remaining  age-groups  are  26,  107,  332,  and  140.  The  wave  of 
increased  incidence  had  thus  extended  along  the  hne  and,  m  189o  - 
99  was  already  manifesting  influence  in  the  case  of  older  children, 
the  lapse  of  time  having  given  opportunity  for  the  gromng  vaccin- 
ation default  of  the  late  "eighties"  and  early  "nineties"  to  afiect 
the  death-rate  at  the  ages  5—10  in  the  years  1894-99. 

The  Final  Report  also  presents  particulars  concerning  mortality 
at  the  several  age-periods  in  a  somewhat  different  form,  the  death- 
rates  per  million  living  in  England  and  Wales  being  tabulated  for 
the  seven  years  1848-54,  and  for  each  decennium  since  that  date. 
The  figures  for  the  seven  years  1848-54  unavoidably  include 
chicken-pox  deaths,  and  it  may  be  noted  that  «"cli  deatlis  arc 
also  included  in  the  figures  relating  to  the  years  1848-54  in  he 
previous  table.    This  fact  does  not,  however,  materially  aflect  thr 
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conclusions  drawn,  as  the  number  of  chicken-pox  deaths,  in  those 
'*^d^:i^f  --P--^  -^t^  ^he 

England  and  Wales:  Deaths  per  Million  Living. 


1  Under 
'  5. 

5—10. 

i 

10—15. 

15—25. 

I  25—45. 

45  and 

upwards. 

1  1848-54 
1855-64 
1865-74 
1875-84 
1885-94 

1.514 
788-8 
782-5 
127-8 
50-2 

323 

209-5 

333-2 

62-9 

14-9 

1 

91 
68-7 
142-3 
46-4  1 
11-1 

,110 
118-9 
267-2 

82-4  1 

24-0 

69 
87-8 
220-7 
76-6  J 
31-6 

24 

36-2 

87-5 

33-9 

19-0 

.....  xegara  ro  tiiis  table  the  Commissioners  say --"It  will 
be  observed  that  in  the  decennium  1855-64  there  was  f  7 
large  diminution  of  the  mortality  at  the  age-pt  od  und  r  fiJ^ 
years,  a  considerable,  though  smaller,  diminution  at  the  nex 
age-period,   and   some  diminution    at    the   age-period    10  15 
Supposing  the  compulsory  law  of  1853  to  have  augmented  fn  7 
extent  infantile  vaccination,  its  effect  would  be  fdtl^  th!  7" 
under  5  years  of  age  during  the  greater  part  of  th  1 
It  would  affect  the  class  aged^-1  O^et  d^r^^glhl'l^^^^^^^^ 
of  the  decennium,  and  the  class  aged  10-15  oL  duW  the  T 
year  or  two.    The  next  decennium    1865  74  Zl  7i  * 

?tVe^r "  ^^^s^^i^^ 

Its  effects  are  apparent  in  most  of  the  mortality  rates  of 
years.    As  compared  with  the  preceding  decenn  L  ler/ 
very  great  increase  of  mortality  at  all  th'e  later  rr^eriods  T  ^ 
noteworthy  that  as   regards  those   under  5   yrarf  of  Le 
mortality  was  actually  less,  though  very  slightly  so   tb    ^  It" 
preceding  decennium.    And  though  ther'e  taf^  Id 
m  the  next  age-period,  the  increase  was  less  than  in  the  i^, 
period.    It  is  impossible  not  to  be  struck  by  tWs  f.  .  . 
remembered  that  in  1867,  and  a  Jn  in  1871  ' 
calculated  to  increase  the  amounf  o^  nfant  le  rT'  T 
-ore  stringent  enforcement  of  the  prac  ice  under  th  "?'"' 
considerably  affect  the  class  under  5  ylrf  J 
ecenmum  1865-74,  and  the  effl  of  the  IV LTsV  "^f/i^ 

very  gre.i^r;h:\ntta  i^^  fall  t.. 

reduced  to  127-8  and  fi^-Q  ..  .  ?      ,   °  ^ge-periods ;  it  was 

«;>«.  the  decennium  1866-64  when  ollt  comparison 
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class  under  5  during  almost  the  whole  of 

Inr-elv  affect  those  in  the  next  age-period.  It  would  mtiuenc. 
largely  arte  ^^^^  ^^^^  ^l^gh^jy 

sensibly  the  class  bet  ^^^^^       ^^.^^^^^^  ^^^^^  .^^  ^j^^ 

the  next  Inghex  age  period.  ^^^^^^.^^  ^^^^ 

classes  over    25   yf^^^  °      |  ^^^^^^11         her  than  in 

iL^a^s  mt5rforl-r'the  figures  are%9  and  2,  and 
!       Il,  hplmv  the  aeures  tor  the  next  deoenmum,  viz.,  »l  8 
36      'coIpX-'on  the  other  hand,         /ate,  at  the 
;i    in    1^  and  15—25,  the  figures  are  46-4  and  83  4  as 
^'Tsttl    n7    0    or   he  ye^rs  1841-54,  and  68-7  and  118-9  for 
against  91  and  iiu  .J^^.^^rimm  1885-94  there  was  much 

*::Xr;Cin  Shro^rpreceding  ter..  ot  .ears 

description  ,vere  be  most  affected 

t:Th:\e"C   J  the  legislation  to  ,vhich  .e   have  direct 

rntL:^  comparing  the   first  -^^^^^ ;  ,f  S,  a'  d 
reduction  in  the  first  three  age^penods  js  from     ol^  , 

I-rom  S«<>«-''^ f  ^  :3nf  The  Scotch  Act  requires 
oonflrmatory  evidence  -  ^„,ths  of  birth, 

rtat  vacemation   hal   be  pertor  ^^^^^  ^^^^ 

In  England,  f  ^  f^'J,  three  months  of  birth. 

^vas  required        b»  P"';™   „j  the  period  1855-63, 

On  contrastrng,  "  Vaccination  Act,  .ith  the  period 

the  nine  years  prior  to  tne  ,  ,„  tv,^  Vaccination 

1864-87,  the  ^-^^X^^JZ;:^J:TJ":^L  home  by 
Act,  it   ^--P-^  ,1  would  be  in  both  periods  (sub- 

those  under  six  months,  wno  -xactlv  the  same" 

stantially)  an  unvaocinated  c  ass,  ^'^  f  f /^^'^  and 
(139  per  1,000  death,  at  a  1  ages  in  the  e-^'^'  P 
138  per  1,000  deaths  at  all  age,  in  the         J"      '  ^ 
iU^on  borne  ^/J-^^tT  1^ ^td  ^ 

,er  1,000  deaths  at  all  ages  -      J-^^t  a.,  ago,,  in  th 

and  a  year,  and  from  413  to  137  , 

case  of  those  ~;ne  J       ,,000  death. 

slight  increase  (from  90  to  9>))  in  ti'C  1  I 

at  all  ages,  but  this  increase  wa,  due,  a,  is 
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IZTnf  "  '"'^  ^"'^""^  ^^'"""^^  P^^«P-t-n  borne  by 

tahty  m  the  class  aged  five  to  ten  in  the  later  period,  for  the  mell 
annual  death-rate  per  million  fell  greatly,  viZ,  fron/  44  to Te" 
At  ages  above  ten,  the  mean  annual  death-rate  was  about  L 
«ame  m  the  two  periods.    The  complete  table  from  wMch  the  e 

The  Pinal  Report  also  contains  a  detailed  discussion  of  the  facts 
total  deatl,s).    I„  London  1^*  1 

was  les  ill-vaooi,lt„r  ^  *\  <='"W  population 

hi»h  rtl.R     n    I    '  P'-oportio™  in  question  were  less 

(20-6  and  22-0  per  cent,  of  total  deaths)  '  ™' 

s:aX!ro:reC°ofi:^:  tf  r'™  °'  -"-^  -"-^^ 

been  opeLive    Zt'!  tte"        ."''T'  '""""^  condition,  have 

,     ve  ueen  appealed  to  as  showing  that  "  whilst  T 
thepercenta^^eof  dpa+TiQ-f^^^       n   '      ^ ^mist  m  Liverpool 

63/in^healV.Sw^^^^^ 

proof  of  the  effect  of  improved  ^L7,  suggested,  is 

in  small-pox.      It  s  dear  Kn  "Pon  age-incidence 

Keport),^hat  the  mtn  infl      "  ^""^^^P^^           ^^^^  ^^i-l 

condition,'' as  the  tennis  o!T"',  "  " --*-T 

population    In  a  lar!e  L  T  f  ""^lerstood,  but  proximity  of 

the  chances  o  oZ'ISZ^'  T"^^  P^«P^^  «^«-iy  aggregated, 
greater  than  in  '  health T""'^'"'  ^^'^  of  cour.e 

rural  areas,  in  whicrt^^^.ot  T  '  ---- 

The  tab  es  rlwc  tn^T  '^^'''^^  distributed, 

and  scarle    feve  "tt^^^^  ^^^^  -^-1  to  both  measles 

y^ars  of  age  occur  h  j,^^"'  P;^--*^^-  oi  deaths  under  five 
^'i^tricts."   Aga  n    Hhl  ^""^  °f  "^^«alt],y 
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than   in   a    larfie   town   like   Liverpool.      The   tables  indeed 
Zf  824  590  perBons  are  estimated  as  living  beyond  the  age  of 

of  deaths_  will  ,        n  i^oproved  sanitary  conditions 

than  m  Liverpool,  il^e  tneory  w.^      _  r.nv  therefore  proves 

bring  about  the  altered  age-mcxdence  m         "P^^"' ^^^^^^^^^ 

•  tr.  bp  based  on  a  misconception,    ihe  increaseu 

Lidence  ot  small-po.  on  younger  ages. 

in  opposition  to  tiie  influences  winch  hare  thrown  the  excess. 

'1?r  ht,  rtir  oT^L^tltr  altered  ageWaence 
btress  nas  ub«  ufp^ers"    This  term,  prior  to 

iTee'rultXhTs  te:,t.:nti.f  ;::r,  and  reu^ttent  fever. 
Al  Id  ntic^Tture  and  improved  f  g-is  have  ™  d^^^^^^ 
lar.ely  affected  the  returns  of  fever  deaths.  Enteric  ^ver 
Ln  differentiated  fronr  the  genera,  ^^Y^^J^^  /J^TJZ. 
'^riSro'reXnt  tTvttl^K  l'  ridren  aged  0-5  have 
r    ^  f  n^tTt  th^  "  fevers  »  group  and  relegated  to  enteric  fever, 

fgtrte  cas:T:;hns  and  typhoid,  during  four  successive 
ptriods  offiveyears^si^^ 


1871-75. 


1876-80.  I  1881-85. 


6-4 
17-4 


6-1 
16-0 


3-5 
9-3 


1886-90. 


3-4 
7-5 


Typhus 

Typhoid      ...  _ 

Sesll-^^c^ltages-show  a  '-^'^"^'^^^^^^^^^^^ 
compared  «th  tlie  second;  *  however,  in 

periods,  and  for  the  third  and  „f  ti„e  of 

lleraWy  close  agreement.     The  "  f  ^jLation  ot 

this  tall  with  the  altered  pract.ce  .n  regard  to  the  a 

fever  deaths »  is  noteworthy    It  is  clear  th  n  t,  ^^^^ 

ha.  occurred  in  the  age-incdence  °f  &  ™  ,^,„.„  J. 

comparable  with  the  change  in  tlie  -y;"™™;",,,  „ge.  ncidence 

Appeal  has  further  been  made  '"'^'^^l^^^^^slo^.n,  from 

of  influenm  ^'""''''^■"/"""tr    T  e  comparison  i» 

that  observed  in  the  outbreak  ot  1847-4B. 
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based  on  the  figures  of  only  two  years  in  each  case,  and  the  likeH- 
hood  of  error  arising  from  the  insufficiency  of  the  data  relied  upon 
IS  intensified,  in  dealing  with  the  particular  malady,  in  question' 
by  the  fact  that  the  cause  of  death  may  have  been  variously  ascribed 
to  pneumonia,  bronchitis,  and  other  headings,  as  well  as  to  "influ- 
enza    Itself.     Moreover,   the  altered  incidence,    even  for  the 
hmited  periods  considered,  is  not  at  all  comparable  to  that  observed 
in  small-pox,  which,  be  it  noted,  has  been  manifested  over  a  long 
period  of  years.     It  is  obviously  irrational  to  assume  that,  because 
one  or  other  variation  is  observed  in  the  age-incidence  of  other 
diseases,  therefore  a  notable  and  sustained  alteration  in  the  age- 
mcidence  of  small-pox  can  be  dismissed  from  further  consideration. 

(c.)  The  Behaviour  op  Small-pox  m  the  VACcmAXED  as  com- 
pared WITH  THE  UnVACCINATED. 

(i.)  Cc,^e-mortcdity.~M.v.  Marson,  formerly  Superintendent  of  the 
Highgate  Small-pox  Hospital,  coUected,  during  thirty-two  years, 
particu  ars  m  respect  of  nearly  20,000  cases  of  small-pox.  He 
tound  that  the  case-mortality  among  the  unvaccinated  was  about  35 
per  cent. ;  while  in  those  with  four  or  more  vaccine  cicatrices  it  was 
only  about  1  per  cent.  Dr.  Gayton,  who  analysed  the  facts  relating 
to  upwards  of  10,000  cases  in  Metropolitan  Asylums  Board  hospitals! 
obtained  similar  results.  Marson's  and  Gayton's  tables  will  be  more 
particularly  referred  to  in  connection  with  the  protective  influence 
of  various  degrees  of  vaccination.     Sweeting  collected  particulars 

1880 '""^^^f-     S'''  "^"^^''"^  ^"1^^^  Hospital  between 

1880  and  I880.     His  statistics  corroborate  the  conclusions  drawn 
trom  the  other  series  of  observations. 

The  six  recent  epidemics,  commented  upon  in  the  Final  Report, 
teach  the  same  lesson.    They  include,  taken  in  all,  11,065  attack.^ 
of  mall-pox,  with  35-4  per  cent,  case-mortality  in  the  unvaccinated 
and  5-2  per  cent,  case-mortality  in  the  rest  of  the  population 
Restricting^  attention  to  children  under  ten,  the  case-mortality  in 
las  "r'"'''''^  "''^^  -hile  that  in  the  remainder 

^r'lT  r^i^^d  that  the 

^.vaccinated  class  includes  children  under  three  months   in  the 
case  o   whom  an  attack  of  the  disease  might  be  expected  L  be 
specially  severe.     The  particulars  collected^nable  Sch  li  Ire, 
0  be  excluded  from  the  comparison  instituted,  and  the  filuie 
naira'dT  of  30-3  per  ce'nt.  in  the  unv  c- 

is  notd  i  ■   I  T; — inated.    «  The  contrast," 

^^^^^  1  t^^-^  -hen  it  is  remembered  that  a  1 

of  ti  l  1  Tt:^''^  vaccinated  class,  though  many 

T  Z  b  en       r  f '^"^  successfully  vaccinated.""^ 
has  been  sought  to  explain  these  remarkable  phenomena  on 
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the  ground  that  the  unvaccinated,  as  a  class,  are  mainly  drawn 
from  the  poorer  and  more  neglected  portion  of  the  population.  To 
some  extent  varying  social  conditions  have  no  doubt  been  operative, 
but  the  difference  observed  is  far  too  great  to  be  thus  accounted  for. 
Moreover,  "the  disparity  in  the  death-rate  of  those  classed  as  vac- 
cinated and  unvaccinated  was,  in  the  six  epidemics,  greater  nearer 
the  date  of  vaccination  than  it  was  at  a  later  period."  Tlie  hospital 

statistics  confirm  this.  .    •,   ■,  t,-ij 

A^ain  it  has  been  said  the  unvaccinated  class  includes  children 
whose  vlccination  has  been  postponed  for  medical  reasons.  The 
number  of  such  cases  is,  however,  very  small,  and  the  postponement 
does  not  necessarily  imply  that  the  cMld  is  not  ultimately  vaccinated, 
or  that  if  it  remains  unvaccinated,  and  is  attacked  by  small-pox, 
it  will,  because  of  the  fact  that  it  suffered  from  some  ailment  m 
infancy,  be  less  capable  of  resisting  small-pox. 

(ii)  Attack-rate.— This  question  was  investigated  on  a  vast  scale 
by  Barry,  in  the  Sheffield  outbreak.  From  his  results  it  transpires 
that  in  Sheffield,  the  attack-rate  among  the  unvaccinated  was  at 
least  five  times  as  great  as  among  the  vaccinated;  while,  restricting 
attention  to  children  under  ten,  the  attack-rate  among  the  unvac- 
cinated was  fifteen  or  more  times  as  great  as  among  the  vaccinated. 
In  the  Sheffield  outbreak,  and  in  four  others,  the  facts  as  to  persons, 
resident  in  "  invaded  houses,"  who  were  attacked  by  small-pox  after 
the  occurrence  of  the  first  case  in  the  house,  were  also  ascertained. 
The  following  table,  which  appears  in  the  Final  Report,  gives 
the  results  obtained  : — 


Sheffield  .. 
Warrington 
Dewsbury  .. 
Leicester  . . 
Gloucester  . 


(iii.)  Severity  of  Type.-Thi.  question  was  also  made  tlie  subject 
statistical  study  by  Barry.    The  facts  as  to  cases  of  disease, 

mtg  under  t  eaLent  in  the  Sheffield  hospitals,  were  pr^en  ed 
by^^  in  the  form  of  the  diagram  which  is  reproduced  on  the 
opposite  page. 
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All 


ii 


UruLer  Wyoar^s 


Ayed,m  a7uL  caul        Aged,aO  yccu^s 

"^ffe^-    '^^^y^^--    4^  upwards. 


^ir^.    ^Z'^  ^S^^Oy^. 


^a^cdnxUed.  doss 


W  Ag^  30  yearg 


Vnxuvaaruxtexi,  (Zclss  . 


rfOT£ 


ConJ'lu.ent,  ( ixLcltuiz^  Cohjerent, 
Di^c^ete^    ( inxUzjuUn^  ^arioloixL  .) 

V'2e^e  ^  W  r^uU.^  ^  this  cUa^r^  . 

Fig.  92. 

v'ZTtilC^TZ:^!^^^  ^^P-  -^^ch  occurred  in 

-11  and  certain  spe   fi  d  ages  "^  ,^0"^";°''?  "  respectively,  at 

Workhouse  Hospitals.  '^'^""^^  '^"'l  Sheffield  Uuion 
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The  following  table,  from  the  Final  Report,  gives  the  percentages 
in  Shefftelcl  and  in  three  other  outbreaks,  the  cases  being  grouped 
under  the  headings  milder  (including  varioloid  and  discrete)  and 


J  Vaccinated 
[  Unvaccinated 
(  Vaccinated 
]  Unvaccinated 
Vaccinated 
Unvaccinated 
I'  Vaccinated 
j  Unvaccinated 


Milder.  * 

Severer,  j 

82-8 

1  18-5 

81-5 

1  82-0 

18-0 

23-1 

76-9 

81-4 

18-6 

27-2 

72-8 

78-2 

21-8 

29-4 

70-6 

Sheffield  . 
Dewsbury 
Leicester  ... 
Warrington 

"The  study,  therefore^  of  case-mortality,  attack-rate,  and  type  of 
disease,  in  the  vaccinated  and  unvaccinated,  points  unmistakably  to 
the  conclusion  that  vaccination  materially  aflfects  the  behaviour 
of  small-pox.  Especially  noteworthy  as  regards  each  of  the  three 
tests  is.  the  fact  that  "the  difference  between  the  two  classes  is 
much  more  marked  in  the  case  of  children  under  ten  years  of  age, 
who  are  nearer  the  period  of  vaccination,  than  it  is  m  the  case  of 
persons  of  more  advanced  years."  - 

(d )  Oase-Moktality  and  Severity  of  Type  amongst  Vacci- 
nated Persons  with  Vaccination  Marks  of  Different  Quality-- 
—This  question  was  first  raised  by  the  publication  of  Marsons 
observations  on  3,094  cases  of  post-vaccinal  small-pox  occurring 
between  1836  and  1851.  "  Marson's  Statistics  "  were  later  extended 
so  as  to  include  further  experience  of  10,661  cases  occurring  be- 
tween 1852  and  1867. 

Maeson's  Statistics.  


Cases  of  SmaU-pox  classified  according 
to  the  vaccination  marks  borne  by 
each  patient  respectively. 


1.  Stated  to  have  been  vacciuated  but  j 

having  no  cicatrix 

2.  Having  one  vaccine  cicatrix 

3.  Having  two  vaccine  cicatrices 

i.  Having  three  vaccine  cicatrices  ... 
5.  Having  four  or  more  vaccine  cica- 
trices 


Unvaccinated 


Percentage  of  | 
deaths  in  each 
class  respectively 
uncorrected. 

Percentage  of 
deaths  in  each 
class  respectively 
corrected.* 

1836-51. 

■ 

1852-67. 

1836-51. 

1852-67. 

25-.T 
9-2 

(V3 

3-(; 

40-3 
14-8 
8-7 
3-7 

21-7 
7-6 
413 
1-8 

39-4 
13-8 
7"7 

30 

1-1 

1-9 

j  0-7 

0-9 

37-5 

35-7 

35-5 

34-9 

*  The  terms  "  v.n^^^^^^^^^'''^^^^^^^^ 
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Gayton  tabulated  the  results  obtained  bv  him,  between  1873 
and  1884,  on  an  analysis  of  10,403  cases,  in' a  somewhat  difierent 
manner,  and  it  will  be  noted  that  he  gave  for  the  first  time  the 
facts  ynih  regard  to  different  age-periods. 


Gayton's  Table. 


Ages. 
Years. 


I  0-2 
'  2-  5 
5—10 
10-15 
15—20 
20—25 
25—30 
30—40 
40—50 
50 


AH  ages. 


Vaccinated  with 
good  marks. 


C3 

D 


4 
57 
206 
439 
606 
389 
189 
147 
29 
19 


2,085 


0 
0 
2 
5 
12 
11 
12 
14 
4 
2 


62 


Vaccinated  with 
imperfect  marks. 


Vaccinated,  but  no 
marks  visible. 


Per 
cent. 

Cases. 

Deaths, 

Per 
cent. 

0 

32 

3 

9 

0 

150 

18 

12 

1 

532 

27 

5 

1 

939 

32 

3 

2 

1,037 

66 

6 

3 

843 

100 

13 

6 

529 

80 

15 

10 

526 

78 

15 

14 

186 

33 

18 

11 

80 

18 

22i  1 

3 

4,854  1 

455  j 

9  1 

1 

o 


22 
96 
207 
214 
205 
167 
116 
137 
85 
46 


9 
38 
40 
42 
39 
56 
35 
49 
24 
20 


Not  vaccinated. 


1,295  352 


Per 
cent. 

Cases. 

Deaths. 

Per 
cent 

41 

276 

181 

66 

40 

401 

202 

50 

19 

510 

180 

35  i 

20 

317 

74 

23  1 

19 

204 

86 

42 

34 

174 

83 

48 

30 

105 

56 

53 

36 

103 

42 

41 

28 

49 

21 

43 

43 

30 

13 

43 

27  ! 

1 

2,169  j 

938 

Sweeting  proceeded  on  somewhat  similar  lines ;  his  table  is  given 
on  p.  76  of  the  Final  Report.    The  .same  subject  was  examined 
m  great  detail  by  Barry  at  Sheffield,  and  by  other  observers  in 
Kiore  recent  outbreaks  (paragraphs  273-287  of  the  Final  Report) 
Taken  altogether,  the  number  of  cases  classified,  according  to  the 

lolT'p     k"""^^^^^^  on  the  patients,  exceeds 

20,000  Combimng  the  later  results  (to  the  exclusion  of  Marson's 
hgures),  It  transpires  that  the  case-mortalities  obtained  are,  6-2  per 
cent,  with  one  mark,  5-8  per  cent,  with  two  marks,  3-7  per  cent,  with 
three  marks  and  2-2  per  cent,  with  four  marks.  Some  attention 
has  been  paid  of  late  years  to  the  area  of  scarring  and  to  the  degree 
of  foveation  observed,  and  evidence  that  the  protection  afforded 

wottred. ^^^^^^ — ^- 

atttl^r""'"'^"''''-"^^''^  ^^'^'^'^  ascertained  that  the 
T2t'T,T"^  revaccinated  persons  was  -04  per  cent.  (27  attacks 
•among  64,431  persons),  as  compared  with  1-65  per  cent  in  the 
entire   population.      The   attack-rate   among   pe^rsons   who  had 

Er?tn!""l^"  ^"'^^^-P^^  -  cli   inct  y 

the  "l      r  "        -vaccinated.    Detailed  inquiries  as 

lade  bv  r   '  r*;  " 

rnade  by  Barry,  and  these  and  similar  experiences  yielded  by 
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other   recent   epidemics,  show   how  marked   is  the  protection 
resulting  from  recent  vaccination. 

Quite  conclusive  evidence   of   the  value  of   revaccination  is 
afforded  in  the  case  of   hospital  staffs,  nurses,  and  attendants. 
The  facts  as  to  Leicester,  Homerton,  Fulham,  and  Highgate  are 
given  in  paragraphs  319-322  of  the  Final  Report.    Two  accounts, 
forthcoming  from  Dublin  and  from  Paris,  which  had  been  supposid 
to  tell  against  the  general  experience  in  this  country,  are  dealt 
with  in  paragraphs  32^-328.    At  the  Mile-end  Infirmary,  in  1902, 
thirty-one  of  the  forty-two  members  of  the  nursing  staff  had  been 
revaccinated  before  the  outbreak  of  small-pox  in  London;  four 
others  were  revaccinated  on  January  28  and  29,  two  unsuccessfully. 
None  of  these  thirty-five  contracted  small-pox.    The  remaining 
seven  were  all  attacked.    Of  these,  three  were  not  revaccinated, 
and  the  rest  sickened  with  small-pox  in  two  days  (two  case.s)  three 
days  and  six  days  respectively  after  vaccination. 

The  statistics  of  small-pox  mortality  in  the  British  army  and 
navy,  and  in  the  postal  service,  are  analysed  in  paragraphs 
331-340  of  the  Final  Beport;  their  bearing  on  the  question  of 
revaccination  should  be  noted.  An  extraordinary  difference  was 
observed  in  the  mortality  from  small-pox  in  the  German  and  French 
armies  during  1870-71.  In  the  Prussian  army  vaccination  waa 
supposed  to  have  been  compulsory  on  joining,  since  1834,  and  there 
is  no  doubt  the  German  army,  as  a  whole,  was  better  vaccinated 
than  the  French  army,  and  that  the  former,  as  compared  with  the 
latter,  suffered  to  a  very  much  less  extent,  during  the  years  m 
question,  from  small-pox.  _      a-   a  a 

Very  striking  evidence  of  the  value  of  revaccination  is  afforded 
by  a  study  of  the  effect  of  the  law  of  1874,  which  made  revaccina- 
tion compulsory  throughout  Prussia.  Since  this  law  came  inta 
operation  small-pox  has  been  almost  entirely  banished  from  that 
country  In  "  Blattern  unci  ScJmtzpockenimiyficng,"  a  publication 
issued  by  the  German  Imperial  Health  Office,  diagrams  are  given 
illustrating  the  striking  contrast  between  the.  behaviour  of  the 
disease  in  Prussia  and  Austria,  and  again  in  certain  German  towns- 
as  compared  with  other  large  cities  of  Europe;  further,  the  facts, 
as  to  prevalence  and  mortality  from  the  disease  m  the  Prussian, 
Austrian,  and  French  armies,  since  1867,  are  given,  and  the  con- 
trast  between  the  former  and  the  two  latter  forces,  since  18/4, 
is  apparent ;  again,  the  differing  mortalities  in 

the  army,  and  in  the  civil  population,  in  Prussia,  since  1834,  are- 

also  exhibited.  f  i  i  Qi 

Specially  noteworthy,   moreover,  is   the   fact   tnat   ot  1,1^ 
small-pox  deaths  occurring  in  the  German  Empire  (1886-1898). 
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511  M-ere  those  of  children  under  two  years  of  age.  Thus,  in  tliis 
vaccinated  and  revaccinated  community,  small-pox  has  shown  a. 
remarkable  tendency  to  prove  fatal  at  this  age-period.  The  German 
law  requires  vaccination  to  be  performed  prior  to  the  completion  of 
the  calendar  year  following  the  year  of  birth  of  the  child.  Of  the 
511  children,  15  were  returned  as  vaccinated,  138  as  unvaccinated, 
and  of  the  remaining  358,  Avhose  condition  as  to  vaccination  was 
not  stated,  the  large  majority,  having  regard  to  their  age  at  death, 
must  have  escaped  being  protected  by  vaccination. 

It  has  been  urged  that  evidence  unfavourable  to  revaccination 
IS  furnished  by  the  fact  that  the  mortality  of   males  in  this 
country  (1851-80)  exceeds  that  of  females  (and  the  argument  has 
been  applied,  too,  in  the  case  of  Germany),  whereas  more  males 
may  be  assumed  to  be  revaccinated  than  females.    It  must,  of 
course,  be  borne  in  mind  that  the  male  population  is  more  exposed 
to  contagion  than  the  female,  and  the  better  revaccination  of 
males  does  not  altogether  counterbalance  this  greater  risk.    It  is 
interesting  to  observe  that  the  ratio  of  male  to  female  mortality  in 
1871-80,  as  compared  with  1851-60,  decreases  at  ages  higher  than 
those  belonging  to  the  age-group  10—15  (presumably  owing  to' 
greater  prevalence  of  revaccination).    With  regard  to  Germany,  it 
may  be  further  noted  that  938  out  of  a  total  of  1194,  or  79  per 
cent.,  of  the  deaths  which  occurred  during  the  ye?irs  1886-98  were 
those  of  persons  residing  near  the  frontiers  or  in  seaports. 

III.  The  RelationsMp  between  Vaccinia  and  Variola.— Jenner's 
view  was  that  cow-pox  was  small-pox  occurring  in  the  cow  An 
argument  urged  in  evidence  before  the  Commission  was  to  the  effect 
that  inasmuch  as  cow-pox  and  small-pox  were  two  different  diseases,' 
It  was  therefore  cl  pnori  improbable  that  one  would  confer 
immunity  against  the  other.  The  attempt  to  communicate  small- 
pox to  the  cow  by  Avay  of  the  respiratory  or  digestive  systems 
has  not  been  crowned  with  success.  In  certain  instances,  however 
results  of  a  positive  kind  have  followed  upon  the  inoculation  of 
small-pox  material  in  the  cow. 

The  Pinal  Report  states  that  the  experiments  in  question  may  be 
relegated  to  three  categories.  The  first  of  these  includes  cases 
"1  which  vesicles  resembling  vaccine  vesicles  were  produced  the, 
matter  from  which,  when  carried  through  a  second  or  third  remove 
ln,-  l  li'T'  ^"^l,*^^"  transferred  to  man,  gave  results  indistin- 
guishable from  those  of  ordinary  vaccination.  Such  experiments 
n  r?^ '"."^'^''^  numerous  observers,  including  Thiele 
Eternod  (1890),  King  (1891),  Simpson  (1892),  and  Hime  (1892) 
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In  the  second  category  are  placed  the  experiments  of  Klein  and 
Copeman,  who  obtained,  on  inoculation,  not  a  distinct  vesicle,  but 
m^^rely  a  thickening  and  reddening  of  the  wound.  Lymph  obtained 
from  the  site  of  the  operation,  in  a  second,  tliird,  and  fourth 
remove  in  cows,  produced  more  and  more  marked  thickening  and 
reddening,  and  lymph  from  the  fourth  cow  produced  typical 
vaccinia  in  a  child.  Klein's  observations  were  made  in  1892, 
and  Copeman  obtained  similar  results  in  the  same  year. 

The  third  category  includes  the  experiments  of  Chauveau  and 
others,  who  found  that  small-pox  inoculated  in  the  cow  "  gave  rise 
to  a  specific  effect,  which  was  not  cow-pox,  but  was  of  the  nature 
of  small-pox." 

As  regards  the  cases  in  which  results  indistinguishable  from 
those  of  vaccination  were  obtained,  it  has  been  suggested  that  there 
might  have  been  accidental  introduction  of  cow-pox  matter  into 
the  wound;  but  this  source  of  error  was  carefully  guarded  against 
in  the  later  experiments,  and  the  conclusion  arrived  at,  in  the  Final 
Report,  is  that  this  accident  could  not  have  occurred  in  all  the 
successful  cases,  and  that  a  transformation  of  small-pox  into  cow-pox 
really  took  place.  It  would  appear  that  one  condition,  favourable 
to  the  transformation,  is  that  the  animal  used  should  be  a  calf 
not  more  than  three  or  four  months  old. 

It  remains  to  be  pointed  out  that  while  each  one  of  the  tests 
which  have  been  applied,  to  ascertain  whether  vaccination  has  a 
protective  effect,  yields  an  affirmative  answer,  in  order  to  estimate 
their  value  it  is  necessary  to  consider  them  in  conjunction.  As  is 
pointed  out  in  the  Final  Report,  "the  greater  the  number  of  tests 
employed,  and  the  greater  the  number  of  cases  to  which  they  are 
applied,  the  more  certain  is  it  that  the  play  of  chance  or  the 
influence  of  other  causes  will  be  excluded,  and  the  more  safely 
may  the  conclusions  to  which  they  lead  be  acted  upon.  _  The 
cumulative  force  of  a  number  of  pieces  of  ^evidence  all  pointing 
in  the  same  direction  is  very  great  indeed." 

The  nature  and  extent  of  the  iniurious  effects  alleged  to  result 
from  vaccination  have  been  the  subject  of  much  inquiry  ISlany 
diseases  have,  at  one  time  or  another,  been  attributed  to  the 
practice  of  vaccination;  but  examination  of  records  of  mortality 
affords  no  evidence  that  prevalence,  of  any  of  the  maladies 
specified,  has  been  increased  to  an  appreciable  extent  by  the  practice 
of  vaccination.  In  individual  cases  injury  and  even  death  lla^e 
however,  been  ascribed  to  the  operation,  and  doubtless  in  a  te^ 
instances  the  vaccination  wound  has  served,  as  any  other  wound 
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might  have  clone,  as  a  means  of  introducing  germs  of  disease  into 
the  body. 

During  the  years  1886-91,  279  deaths  were  associated  with 
the  operation  of  vaccination:  in  many  of  these  undoubtedly  no 
causal  relationship  was  demonstrable ;  but,  on  the  other  hand,  it 
may  be  that  a  few  cases,  in  which  the  vaccination  wound  permitted 
of  germs  obtaining  access  to  the  body,  escaped  being  returned  in 
certificates  as  due  to  vaccination.  On  the  assumption  that  the  one 
group  of  cases  counterbalances  the  other,  the  deaths  must  be  taken 
to  have  been  in  the  proportion  of  one  to  14,159  primary  vac- 
cinations. In  Scotland  the  proportion  of  cases  in  which  death  was 
stated  to  be  due  to  vaccination,  during  the  years  1883-90,  was  less 
than  this,  being  only  one  to  38,872  primary  vaccinations. 

Among  the  fatal  maladies  connected  with  vaccination,  erysipelas 
accounts  for  nearly  lialf  the  total  deaths,  and  this  disease,  in  con- 
junction with  "blood  poisoning"  and  allied  conditions,  monopolises 
two-thirds  of  the  deaths.  Erysipelas  is  a  very  fatal  disease  in 
infancy,  and,  inasmuch  as  2,000  children  per  million  die  of 
erysipelas,  during  the  first  three  months  of  life,  it  might  be 
anticipated  that  a  certain  number  of  deaths  would  occur  in 
children  shortly  after  they  were  vaccinated,  without  there  being 
any  connection  between  the  disease  and  the  vaccination  wound. 
In  many  instances,  moreover,  in  which  the  facts  have  been  made 
the  subject  of  careful  inquiry,  it  has  been  demonstrated,  having 
regard  to  length  of  incubation  period  or  to  other  circumstances, 
that  the  supposed  connection  was  merely  apparent ;  it  has  sometimes 
happened,  when  vaccination  has  been  postponed  for  one  or  other 
reason,  that  a  diseased  condition  has  manifested  itself,  which  would 
certainly  have  been  attributed  to  the  vaccination,  if  the  operation 
had  been  performed  at  the  appointed  time. 

In  the  Final  Report  attention  is  called  to  some  of  the  pos- 
sible causes  of  mischief  in  cases  in  which  erysipelas  has  been 
associated  with  the  act  of  vaccination.  In  some  instances 
erysipelas  was  prevalent  in  the  vicinity;  in  others  the  child 
was  living  under  extremely  insanitary  conditions;  again,  in  par- 
ticular cases  there  was  evidence  of  want  of  care  and  attention, 
and  it  was  found  that  the  wound  had  been  rubbed  by  articles 
of  dress,  or  that  substances  had  been  applied  to  it  which  mighf- 
have  acted  as  vehicles  for  the  contagion.  It  has  been  suggested 
that  the  practice  of  opening  the  vesicles  on  the  eighth  day 
introduces  an  element  of  risk,  but  the  conclusion  arrived  at  by 
the  Commissioners  with  regard  to  this  is  "that  it  is  almost  wholly 
an  imaginary  danger."    These  considerations  suggest  that,  by  the 
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adoption  of  antiseptic  precautions  and  the  use  of  carefully  prepared 
lymph,  tlie  number  of  inflamed  arms  and  of  cases  of  erysipelas  may 
be  reduced  to  the  point  of  insignificance. 

In  very  rare  instances  syphilis  appears  to  have  been  transmitted 
by  vaccination.  The  infrequency  of  such  a  sequence  of  events  is 
evidenced  by  the  fact  thftt  it  was  generally  believed  by  the  medical 
profession,  until  comparatively  recent  years,  that  such  transmission 
could  not  occur ;  but,  on  the  Continent  more  particularly,  cases  in 
connection  with  arm-to-arm  vaccination  among  soldiers,  or  with 
the  use  of  lymph  from  syphilitic  infants,  have  been  recorded,  and 
the  possibility  of  infection  being  conveyed  in  the  manner  indicated 
is  now  accepted.  Inquiry  was  made,  on  behalf  of  the  Commission, 
concerning  a  number  of  supposed  cases,  but  in  almost  all  instances 
the  alleged  connection  was  proved  not  to  exist.  The  subject  is 
fully  considered  in  paragraphs  425  to  430  of  the  Final  Report,  and 
the  conclusion  is  arrived  at  that  "where  the  antecedents  of  the 
vaccinifer  are  fully  ascertained,  and  due  care  is  used,  the  risk  may 
for  practical  purposes  be  regarded  as  absent."  There  is  absolute 
freedom  from  risk  of  syphilis  when  calf-lymph  is  used. 

Other  Preventive  Measures. 

Appreciation  of  the  value  of  isolation  in  preventing  the  spread 
of  small-pox  has  greatly  grown  of  late  years.    Account  has  already 
been  given  {See  p.  300)  of  the  investigations  of  Power  vdth  regard 
to  the  use  of  intra-urban  hospitals,  and  the  decHne  of  small-pox  in 
London  since  1885  need  not  be  again  alluded  to.    Reference  may, 
however,  be  here  made  to  what  is  known  as  the  "  Leicester  system." 
In  the  town  named  the  plan  of  quarantining  the  inmates  of  an 
infected  house,  in  addition  to  isolating  the  patient,  was  originated  in 
1875.    In  the  absence  of  power  of  compulsory  removal,  persuasion 
was,  as  a  rule,  found  to  be  successful.    Compensation  for  loss  of 
work  was  given  in  some  instances.    Dr.  Tomkins,  of  Leicester, 
"  though,  like  his  predecessors,  regretting  the  increasing  disuse  of 
vaccination,  bore  testimony  in  his  annual  reports  to  the  efficacy 
of  the  measures  adopted  in  Leicester." 

The  conclusions  expressed  in  the  Pinal  Report  of  the  Vaccination 
Commission  are:  that  the  evidence  "is  inconclusive  as  to  the 
relative  merits  of  quarantine  in  hospital,  or  supervision  of  the 
exposed  at  their  homes,"  and  that  "the  influence  of  prompt  isolation 
of  the  patient  appears  to  overshadow  any  superior  efficacy  the  one 
method  may  have  had  over  the  other":  again,  it  is  stated  xvith 
reral  to  the  system  of  isolation  generally,  that  "  wliat  it  can 
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accomplish  as  an  auxiliary  to  vaccination  is  one  thing ;  whether  it 
can  be  relied  upon  in  its  stead  is  quite  another  thing";  at  the 
sime  time,  "  even  admitting  fully  the  protective  effect  of  vaccination, 
it  does  not  diminish  the  importance  of  measures  of  isolation  or  dis- 
pense Avith  their  necessity."  {See  the  Final  Report,  p.  131.)  Hence, 
the  more  general  provision  of  isolation  hospitals  is  advocated  by  the 
Commissioners,  and  they  recommend  that  power  should  be  given 
to  sanitary  authorities  to  give  compensation  for  loss  of  wages, 
and  generally  to  incur  expenditure  in  connection  with  isolation,  etc! 

A  noteworthy  feature  of  small-pox  outbreaks  in  recent  years  has 
been  the  Avay  in  which  the  disease  has  been  introduced  and  spread 
by  persons  of  the  vagrant  class.  Among  the  recommendations  con-  ' 
tained  m  the  Final  Report  (p.  132)  were  several  dealing  with  the 
necessity  of  making  common  shelters  subject  to  the  law  relating  to 
common  lodging-houses,  and  of  giving  special  powers  to  local  autho- 
rities for  the  purpose  of  controlling  the  spread  of  small-pox  in  such 
houses. 


The  Vaccination  Act  of  1898. 

This  Act  modifies   previously  existing  legislation  in  certain 
respects.    It  provides  that  the  age  before  which  a  child  must  be 
vaccinated  shall  be  raised  from  three  to  six  months.    A  parent  may 
avoid  having  his  child  vaccinated  if  within  four  months  of  the  birth 
he  satisfies  a  magistrate  that  he  entertains  a  conscientious  objection 
to  the  operation,  on  the  ground  that  it  would  be  prejudicial  to  the 
nealth  of  the  child.    A  certificate  is  then  given,  which  the  parent 
must  transmit  within  seven  days  to  the  vaccination  officer.   A  person 
can  be  only  once  penalised  for  non-compliance  with  an  order  directing 
him  to  have  his  child  vaccinated,  and  defaulters,  if  imprisoned,  must 
be  treated  as  first-class  misdemeanants.    It  is  made  the  duty  of  the 
public  vaccinator,  if  the  parent  requires  it,  to  attend  the  child  at 
Its  own  home ;  he  must  so  attend,  after  giving  at  least  twenty-four 
hours  notice,  if  the  child  is  not  vaccinated  within  four  months  of 
Its  birth ;  he  must  offer  to  use  -glycerinated  calf-lymph,  or  other 
lymph  supplied  by  the  Local  Government  Board,  and  he  must  keep 
registers  showing  the  origin  of  the  lymph  used.    If,  owing  to  the 
condition  of  the  house,  or  to  the  existence  of  infectious  disease  in  the 
neighbourhood,  he  deems  it  necessary  to  do  so,  he  may  give  a  certi- 
ficate of  postponement,  and  he  must  inform  the  medical  officer  of 
the  district  of  tlie  course  taken. 

At  times  of  small-pox  prevalence,  the  Local  Government  Board 
may  require  the  guardians  to  provide  vaccination  stations,  and 
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may  modify  the  duties  of  the  public  vaccinator  with  regard  to 
visiting,  otherwise  than  by  request.  A  register  must  be  kept  by 
every  sanitary  authority  maintaining  a  hospital  for  small-pox, 
showing  the  condition,  as  to  vaccination,  of  patients  admitted. 
Vaccination  must  be  performed  within  six  months  of  birth,  save  in 
those  instances  in  which  a  magistrate's  certificate  is  obtained,  or  the 
child  dies  or  is  attacked  by  small-pox,  or  three  or  more  unsuccessful 
attempts  to  vaccinate  have  been  made,  or  a  medical  certificate  of 
postponement  (to  have  effect  for  two  months  at  a  time)  is  given 

The  administration  of  the  Acts  is  still  vested  in  the  Poor  Law 
authorities.  Instructions  have  been  issued  by  the  Local  Govern- 
ment Board,  dealing  with  precautions  as  to  cleanliness,  sterilisation 
of  instruments,  etc.,  and  requiring  the  pubUc  vaccinator  to  ''aim 
at  producing  four  separate  good-sized  vesicles,  or  groups  of  vesicles, 
not  less  than  half  an  inch  from  one  another."  Bevaccmation  is  not 
made  compulsory,  but  persons  over  twelve  (or  over  ten  if  there  is 
immediate  danger  of  small-pox),  are  to  be  revaccinated  gratuitously. 

As  regards  repetition  of  proceedings  the  present  position  is  go- 
verned by  Section  2  of  the  Act  of  1898.  A  parent  may  be  con- 
victed under  Section  29  of  the  Act  of  1867,  and  when  the  child 
attains  the  age  of  four  years,  if  the  law  is  still  not  complied  with,  an 
order  may  be  obtained  directing  the  parent  or  guardian  to  have  the 
child  vaccinated  ;  if  the  order  is  disobeyed  the  parent  may  be 
convicted  and  fined,  and  no  further  proceedings  can  be  taken. 
Alternatively,  proceedings  may  in  the  first  instance  be  taken  under 
Section  31  of  the  Act  of  1867,  and  an  order  made  ;  if  that  order 
be  disobeyed  a  conviction  may  follow,  but  no  further  proceedings 
can  be  taken,  even  after  the  age  of  four  years  is  attained. 

Tetanus  —This  malady,  though  common  in  hot  climates,  is  of 
comparatively  rare  occurrence  in  this  country,  but  it  is  one  o 
special  impo/tance  inasmuch  as  study  of  it  has  thro.'B  much  light 
upon  bacteriological  questions.     Carle  and  Eattone  first  demon- 
Btrated  that  it  was  an  inoculable  disease.    Nico  aier,  m  1884 
showed  that  garden  earth,  introduced  subcutaneously  m  the  mouse 
or   rabbit,  was  capable  of   producing  typical  tetanus;   he  also 
described  the  specific  organism  though  he  did  not  obtain  it  in  pure 
culture.    Kitasato  later  isolated  the  anaerobic  tetanus  bacillus^ 
The  subject  of  tetanus  antitoxine  has  already  been  referred  to  {See 
X,   342)     It  has  been  noted  that  tetanus  not  uncommonly  affects 
nersons  who  have  to  do  with  horses,  and  the  question  as  to  an 
origin  of  the  disease  has  been  raised.    Nothing  has  been 
definitely  proved,  however,  with  regard  to  this  theory. 
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TropioaJ  Fevers,  eto.-In  addition  to  the  febrile  disease,  n, 

Ma2?t.  ""'t""""'  "unoWd  fevers '■  a" 

r,  uon-,„alarial  re„u„.U  (unfortunately 

contmuously  high),  presenting  considefaWe  re irhf      ?  "  " 

Imt  in  which  ni-iiiv     *],<,       •  ,  'esemblance  to  enteric, 

-e  not  d   elop  c7  T  therM  '^"'T 

observed  by  hii  in  ll^Z^'^nZ.:'''  "  '"'"'"'^ 

J"ncLitis»;  Ie  ;„tnoZt  r-r^rT^^^^  ""^ 
enters  in  the  first  "nst  ™      t  "donbtle™ 

o£  the  ico^smlbrane  rf  tTe  naslTf  -"S-"™ 

....  prevails  in  A^^!^^   p     r^^fe  tb^r''""' '^"^^^^^ 
|i  darkening  of  the  comn]Pv,-nn  n,.    f,  ^"^^'^''^  debility,  anemia,  and 

ki^ease.  V^lrZ^^  cc^er  sT'^'T 

■lescribed  by  McLeorl  •  tl.!  /     '^^''!  ^77-80,  m  Calcutta,  and  wa.s 

Pea.na.ec(a„?a;t;r:dri^r^^^^^^^^ 

from  Calcutta.    The  disease  ^yZZ  ^""'"e  been  imported 

form  of  beri-beri  bu  TaTle.  T  ■''"''"''lance  to  the  wet 

*he  nervous  phen;mlTf  tit " T'  'T 

■in  erythematous  exanthem        K       J  observed;  moreover, 

r,faLe  ^iar,  J:;^^^^^  ^Pidexnic  drop.sy.' 

""largement,  fever    iaunr  tp        7  by  great  hepatic 

infant,  in  some  ^^f  tCtS  ^  sTll^  '^^^^  " 
•somewhat  similar  malady  Po^.T.  p   l  ^^'^^^^  ^ 

the  Grecian  archipelaJ^  7  ^^^'^^^^^  of 

Europeans  living   n  the  tropi       T  v"^"^^^  - 

ton,.ue  present  :uperficL"i:S::;  (etsLi;:  an^h^ ^ 
^lyspep.sia  and  diarrhoea  are  also  present     Thl  T  ^'^''^^"'^ 

^  grey  in  colour  and  evil-sinellW  and  -'^  ^^Pious, 

^^'ith  n,ore  acute  watery  dLrT  ^'  exacerbations 
-'adyas<^.n  exp  :Sl;  ^T"^  -^-Is  this 

subserving  di^estL  "  due  To  "n!  ,  '^'l  Sl^-^^-l-r  structures 
t-pical  countries,    it  hlTs  al     bertir^^^^^^^^  '''''  ^" 

unidentified  specific  organism  *°  '"^^ 
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Tuberculosis.— This  disease,  under  its  various  forms  (tuber- 
cular phthisis,  tubercular  meningitis,  tubercular  peritonitis,  tabes 
mes»nterica,    general   tuberculosis,    etc.),   constitutes   the  cliief 
cause  of  mortality  in  tliis  country.    It  is,  moreover,  widely  dis- 
tributed over  the  globe,  although,  as  a  rule,  more  prevalent  m 
temperate  regions.    Humidity  is  found,  other  things  being  equal, 
to  favour  its  existence.    Very  cold  countries  and  elevated  regions 
are  comparatively  free  from  the  disease,  which  is  especially  found  to 
prevail  in  overcrowded  localities.    As  regards  season,  phthisis  mor- 
tality is  greatest  in  March,  April,  and  May,  and  least  in  August, 
September,  and  October.    With  respect  to  race,  it  may  be  said  that 
none  appears  exempt ;  the  Jews  are  commonly  stated  to  enjoy  a 
relative  immunity,  but  the  question  has  never  been  made  the  subject 

of  very  precise  inquiry.  ^    ,    ^     j  ttt  i  i 

The  recorded  mortality  from  plithisis  m  England  and  Wales  has 
steadily  diminished  since  registration  of  deaths  was  established  ni 
1837     The  average  death-rates  per  million  living,  for  quinquennial 
periods,  have  declined  from  3,880  for  the  years  1838-42,  to  l,63o 
for  the  years  1886-90.    That  this  decline  is  m  part  attributable 
to  altered  nomenclature  is  probable.     Newsholme    has  pointed 
out  that,  in  the  early  years  of  registration,  "  consumption  or 
"phthisis"  seems  to  have  been  the  name  given  to  the  malady 
causing  death,  in  a  large  number  of  instances  associated  ^^-ltll 
wasting,  but   in  which   there  was  no   tubercular   disease.  On 
the  other  hand,  as  he  says,  there  has  in  recent  years  "been  an 
increasing  tendency  to  register  deaths  as  due  to  tuberculosis^  or 
general  tuberculosis,  which  would  formerly  have  been  returned  as 
phthisis."      It  is,  probable,  therefore,  "that  the  death-rate  from 
phthisis  pulmonalis  was  formerly  considerably  overstated,  and  that 
it  is  now  being  somewhat  understated."    It  cannot  be  doubted 
however,  making  all  allowance  for  the  alterations  m  question,  that 
there  has  been  a  great  decline  in  the  phthisis  death-rate. 

Age  and  -^.x.-The  deaths  among  males  exceed  those  among 
females,  at  the  higher  ages.  On  comparison  of  the  period  186  --  0 
with  the  period  1891-95,  it  is  found  that  the  beha^aour  of  pi  t 
as  regards  sex  appears  to  have  altered  somewhat:  the  mortality  m 
both  sexes  has  declined,  but  in  females  to  a  notably 
than  in  males;  while,  in  the  earlier  period,  female  mortali  y  w^ 
in  excess  of  male  mortality,  up  to  thirty-five  years  of  age,  in  the 
Ir  period  it  already  falls'below  male  mortality,  between  twenty 

itulenty-five  years^of  age.    With  ^^^^^^1^^;:^ 
tered  per  million  living  at  each  age  (1891-Jo)  as  c  ue  to  P 
d  liA  from  the  fir»t  to  the  fifth  year,  at  flye  to  ten  t'-y  » 
minimum,  and  they  then  increase  up  to  the  age-penod  th,rty*e 
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fonu»  of  tubercular  LeC"  S  -  .Zl'l 

ha»  been  fully  oonndeZr^Tj      T     f ■"«''»'«ri<='' "  etc.. 

on  TuberculoL,  r898^<,Sp  a^Osf °' 

J)issemimttwn  and  Prevention     tL  i,  i-. 
phtlmis  ,va»  at  one  time  a  C 1  er«htary  transmission  of 

of  opi,n„u  .-ith  regard  to^t^  lLer'n 

by  the  fact  that  K^ch  stated/ inTo"  ' til       'T'  " 

"is  extremely  rare,  and  we  are  ''^ditary  tuberculosis 

tical  measures,  to  leave  This  „ri     '    I         "^W-'i-'g  our  prac 

discovery  of  tL  I^L^tCZ^XtT  ^  r^"''  ^ 

r  tTnf     z  tir i^---  ^  -  ~ 

conformation  of  body  p  eclillr  J  77^'  "f  a 

IJewsholme  says,  ho,veL   f  .  ''^  ^s 

■  ^-hat  was  form^e'rly  asoSed  Z  '^s  fell^^"  °' 

»v.ro„ment„f  exposure  to  tuberculous  nfrtioT  if  .'^ 
over  a  long  series  of  years  »  iniection,  often  continued 

lives  refused  on  fi^  pp"^'^^^^  '^'^''''^  ^^'^OO 
those  rejected  on  account  o  f .    i  ^^^P^^J,  shows  that  of 

cHed;  .Le  of  tho^/^riS  ^V^"-  ^^'^ 

of  a  supposed  hereditary  predisposition  ^f^'^  ^^^^  ground 

^ent.  had  terminated  by  dea        1^      ,  ^J^^^^^P^^^^-only  9  per 
that  there  should  be  no^liffiety,  ST^tZ':^^''':^''''^'' 
accepting  an  applicant  ^vith  a  family  ll^f  of  ' uf"- 
he  be  in  good  health  and  "has  not  W      ^  of  phthms,  provided 
household  infection  of  tuberclsis  "  ''''''''  ^'^^^ 

thJI^JwSms  S:L:^^^^^^  '''''        ^^^e  stud,  of 

in  the  boWne  species  IttrtioT 

the  possibility  of 'the  ^rt  d  o^tub  ^^1:^/^7^^  ' 
has  already  been  referred  to  in  00^6^1°    -.^^  ''"'^- 
influence  of  soil  and  of  overcz^  vd  ^     I  f         ""^^  The 
phthisis  mortality  haye  also  beerl  t  T''}'''''''  "P°- 

j-lined  to  attribute  the  redact!  n  t  l^^^^^^  NeW.olme  is 

been  observed  in  the  last  half  century       .1'  Tn  "^"^^^ 
Pl-ed  in  the  order  of  importance  '^"^""^^ 
Improved  nutrition  of  the  population  ; 
I  "proved  housing  of  the  population  ;  ^nd 
■i'  ihe  drying  of  the  soil.  ' 
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There  remains  to  be  conHidered  the  contagiounness  of  phthisis. 
Some  thirty  years  ago  a  number  of  instances  of  supposed  transnussiou 
of  phthisis  from  husband  to  wife  were  recorded  by  vanous  observers. 
LoLstaff  (Studies  in  Statistics)  pointed  out  that  numbers  o  such 
occm-rencel  might  be  anticipated  as  a  mere  matter  of  chance, 
havinc  regard  to  the  fact  that  phthisis  is  a  common  disease,  and 
^at  i^t  particuhu-ly  affects  the  adult  ages.    Moreover  the  rari^ 
of  attack  among  medical  men  and  nurses  m  consumption  hospit. 
was  noted,  and  was  held  to  show  that  the  infective  P^^^^^f ' 
Tease  co;id  not  be  very  great.    Since  the  discovery  of  the  bacillus 
the  question  has,  however,  again  come  to  the  front. 

Koch,  holds  that  the  sputa  of  consumptive  patients  constitute  tlic 
"  main  source  "  of  infection,  and  that  measures  for  combating  tuber- 
culsis  must  aim  at  the  prevention  of  the  dangers  arising  from  its 
cuLion  by  this  means.    In  New  York,  attention  has  been  called  to 
he  disproportionate  extent  to  which  deaths  tend  to  -ur  again 
and  aW  in  particular  tenement-houses;  it  is  claimed  tbat  by 
'rlcttion  ofLes,  and  disinfection  of  "  room.  ^ 
mortality  in  that  city  has,  in  the  course  of  a  few  years,  been 
markedly  reduced.    The  importance  attached  to  infection  by  dried 
Tputat  such  that  the  most  stringent  precautions  have  been  taken 
in  some  American  cities  Avith  regard  to  this  matter. 

m  question  of  notification  of  phthisis  has  already  been  referred  to, 
Wh  re  voluntary  notification  is  encouraged,  it  becomes  possible  to  cW 
^f      and  cleanse  all  infected  rooms,  to  g-^^^^^^^^^^  f 

Another  measure,  which  has  oeen  m  address, 
the  toundmgo!  sanatoria  or  consumptrves^   u^  ed  e^^nt  of  the 

produced  must  be  "so  small  ^^^^^^^^  "'^''^  .'"^^  _„ted  of  them." 
•     r.f  +„T.Proulosis  in  general  is  not  yet  to  be  expectea  oi 

.oria   oon^derahly  ';''-f^X^^^o:^^'^' 


with  tuberculosis."  ,  tv'phus 
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Eeturns,  but  it  has  probably  existed  for  many  centuries,  playini?  its 
part  more  particularly  during  times  of  war  or  famine,  for  prevalence 
the  malady  has  been  generally  found,  in  later  times,  to  be 
favoured  by  conditions  of   overcrowding  and  destitution.  The 
spotted  fever^  of  jails,  and  some,  at  any  rate,  of  the  recorded  out- 
Wks  of    famine  fever  "  and  "  camp  fever,"  were  probably  instances 
of  what  would  now  be  called  typhus,  but  the  likelihood  of  relapsing 
fever  havmg  prevailed  in  times  of  famine,  or  of  enteric  fever  having 
de.-asta  ed  camps,  must  not  be  lost  sight  of.   (For  the  history  of  the 

di.!!!a^^^^^^  ""^  last-named 

Passmg  over  earlier  and  more  doubtful  outbreaks,  it  is  clear  that, 

tvphus  p^^e^  ailed  extensively  in  Europe.    Hirsch  gives  1816  as  the 
da  e  of  close  of  this  "period  of  typhus,"  and  states  that  since  then 
.on^  once  1846  47)  did  the  disease  attain,  on  European 

.oil,     the  same  general  diffusion  which  the  history  of  pestilence 

f.ouIfe^ez   (including  enteric  and  simple  and  ill-defined  fever) 
n  this  country  exceeded  30,000,  a  number  notably  in  excess  of  tl  a 

"aleVtoOo"'  '^'l  !T  --i 
leached  20,000  in  each  of  the  years  1864-66  they  were,  how- 
ever, somewhat  in  excess  of  that  number.   In  1869,  the  first  ^ear  of 

tX^:      rr'"^  ^"^■^"P'  ^'281  deaths  Lm 

t  phus  were  recorded,  giving  a  death-rate  of  193  per  million  livin-.  • 
the  rate  then  fell  fairly  steadily,  descending  in  1876  b  low  50  p1- 

hon  li.ng    the  fall  was  slightly  checked  in  1882-83;^  J 
I'SSo  It  has  been  less  than  10,  and  in  1898  and  1899  it  onlv 
amounted  to  1  per  million  living.  ^ 
Ireland  has  been  a  particularly  favourite  seat  of  the  disease  in 

c:bTe:;;nnt7 '''''  ^^^^^^^^^^^ 

pen  observ  ed  in  Liverpool,  or  in  other  towns,  under  circumstances 
-%'esting  the  possibility  of  infection  having  been  broughTSthe^ 
from  Ireland  or  from  abroad.     Typhus  is  in  thp  r 

xojr^r  -r^'''-'  '^'-''^ 

on  V  obt     ^   T*;-'"'.''""^^  I^i-tatedthatit  hi 

shown  some  preference  for  C  wii;[:r!::^:;tri^thri::: 
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forty  and  fifty,  fifty  and  tsixty,  and  over  sixty,  it  exceeded  40,  50, 
and  60  per  cent,  respectively.    The  micro-organism  of  typhus  has 
not  been  isolated,  and  nothing  is  known  concerning  its  dissemina- 
tion by  Avater,  milk  and  food,  or  its  occurrence  in  the  lower  animals. 
Infection  is  presumed  to  be  conveyed  by  the  breath,  or  by  emanations 
from  the  skin,  and  a  peculiar  odour  is  described  as  being  noticeable 
in  typhus  cases.     For  conveyance  of  infection  close  proximity 
has  been  held  to  be  necessary,  and  it  is  generally  believed  that 
removal  to  a  distance,  of  a  few  feet  only,  from  the  patient  inter- 
poses an  insuperable  barrier  to  spread  of  the  disease.    The  period  of 
incubation  is  given  by  Murchison  as  being  about  twelve  days ;  he 
considered  the  disease  to  be  specially  infectious  from  the  end  of 
the  first  week  of  the  illness  up  to  the  time  of  convalescence. 

Whooping-Oough.— The  history  of  this  disease  cannot,  it 
appears,  be  traced  further  back  than  the  year  1578.  It  undoubtedly 
prevailed  in  England  in  the  seventeenth  century.  At  the  present 
time  it  is  distributed  all  over  the  inhabited  globe  ;  cold  and  damp,  how- 
ever, specially  favour  its  prevalence,  and  the  tropics  are  comparatively 
free  from  it.  In  England  and  Wales  the  mortality  has  ranged,  during 
the  years  in  which  registration  has  been  in  force,  from  some  400  to 
700  deaths,  per  million  living,  annually.  The  mortality  caused  by  it 
is  thus  very  considerable ;  it  particularly  falls  upon  the  first  year  of 
life,  at  which  age-period  nearly  half  the  deaths  occur,  and  some  90 
per  cent,  of  the  total  deaths  are  those  of  cHldren  under  five  years. 
The  variations  from  year  to  year  in  recorded  mortaHty  are  not  very 
areat,  and  no  definite  law  of  epidemic  recurrence  is  apparent  on 
study  of  annual  figures.  In  Sweden,  however,  from  1774  onwards, 
cyclical  variations,  with  an  interval  between  the  major  prevalences 
of  some  four  or  five  years,  were  manifested. 

The  case-mortality  is  said  to  be  about  5  per  cent.    The  seasonal 

May.  Jane.  J^V.  Aug.   Seyt.   Oct.    Sov.  Dec. 


Jan.  Feb.    Mar.  Aj^r. 


+  50p.c 


FIG.  93.-WHOOPINO-OOUGH  IN  LONDOX  (sixty  y^.j-^ f  ^I'^Su'^. 

The  mean  line  represents  an  average  weekly  number  ot  forty-s.x  deatu. 
(After  Shirley  Mtirphy.) 
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curve  shows  a  maximum  mortality  in  April,  and  a  minimum  in 
beptember.    The  period  of  incubation  is  said  to  be  from  four  to 
seven  days  (or  even  fourteen  days) ;  the   disease   is  infectious 
trom  the  very  commencement,  and  continues,  as  a  rule,  to  be  so  for 
SIX  or  eight  weeks.     The  micro-organism  of  whooping-cough  has 
not  been  isolated,  and  there  is  no  evidence  that  the  disease  is 
spread  by  water,  milk,  or  food,  or  that  it  affects  any  of  the  lower 
animals;  the  breath  is  probably  the  ordinary  medium  of  infection, 
and  the  malady  is  also  said  to  have  been,  conveyed  by  clothing,  etc. 
The  disease  may  be   spread  in  connection   with   gatherings  of 
children,  as  for  example  in  schools,  but,  owing  to  its  incidence 
upon  young  infants,  the  question  of  school  closure  less  frequently 
presents  itself  in  association  with  whooping-cough  than  it  does  for 
example,  in  measles.    Shirley  Murphy  has  shown  that,  as  in  the 
case   of    diphtheria,    there  has   been  in   more   recent  decades, 
when  compared  ^vith  1861-70,  relative  increase  of  incidence  o^ 
mortahty  both  m  measles  and  whooping-cough  on  ages  3—4  4—5 
and  O--10.    There  has  also  been  relative  increase  of  incidence  of 
mortality  on  the  iirst  two  years  of  life  in  measles  and  whooping- 
cough;   this  IS  probably  attributable  to  greater  opportunity  of 
infection  due  to  increased  density  of  population 

The  Registrar-General  in  his  Annual  Report  for  1891  discusses  tlie 
diseases  to  which  infants  succumb.   He  says  (p.  xvi.),  "  Yery  notable 
s  the  comparative  immunity  of  infants  in  the  earlier  months  from 
the  several  zymotic  diseases.    The  earliest  to  declare  itself  is  whoop- 
mg-cough  which  is  the  assigned  cause  of  some  deaths  even  in  the 
hrst  month  but  becomes  much  more  frequent  later  on;  next  comes 
uieasles,  but  with  no  great  number  of  deaths  until  the  eighth  or 
ninth  month  is  reached,  after  which  it  takes  many  victims;  while 
scarlet  fever  is  still  later  in  its  appearance,  and  scarcely  carries  off 
any  infants  at  all  in  their  first  year."    This  peculiarity  in  the 
»«ihaviour  of  whooping-cough  is  specially  noteworthy ;  it  renders  the 
application  to  it  of  the  preventive  measures,  adopted  in  the  case 
ot  other  zymotic  diseases,  particularly  difKcult.  Whooping-cou-h 
has   been  scheduled  as  a  notifiable  disease  in  a  few  instances 

It.        u  ^'  *°  it«  spread  has 

Jiit)ierto  been  made. 

YeUow  Fever. -This  disease  has  two  endemic  centres-the  West 
Kl.es,  and  Sierra  Leone  with  adjoining  portions  of  the  West  Coast 
Lt  epidemics  from  time  to  time  extend,  but 

hey  are  notably  limited  in  their  power  of  diffusion  by  meteoro- 
'o„ic.il  conditions,  as  the  disease  requires  for  its  spread  a  tern- 
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perature  of  over  75°  F.  Thus  from  the  West  Indies  the  wave 
of  prevalence  may  proceed  nortliwards  to  California  and  to  otlier 
States,  mainly  the  Southern  States  of  the  Union,  and  may  extend 
as  far  south  as  Buenos  Ayres.  Yellow  fever  has  been  imported 
into  Southern  Europe,  and  cases  have  occurred  in  Brest,  St. 
Nazaire,  and  Swansea,  but  the  disease  has  never  really  established 
itself  even  in  Spain.  In  the  neighbourhood  of  Swansea,  in  1865, 
some  twenty  cases,  fourteen  of  which  were  fatal,  were  developed. 

There  has  been  much  speculation  as  to  whether  Africa,  or 
Mexico  and  the  West  Indies  constitutes  the  original  home  of  the 
disease.  The  history  of  yellow  fever  dates  back  to  1699  at  A'era 
Cruz,  and  there  is  no  recorded  outbreak  in  West  Africa  until  nearly 
one  hundred  years  later,  but  the  question  of  priority  of  claim 
cannot  be  pronounced  upon  with  certainty.  Manson  suggests  that  the 
construction  and  use  of  a  Central  American  canal  is  likely  to  lead 
to  extension  of  the  disease  to  Asia.  He  explains  the  fact  that  it  has 
not  been  introduced  there  hitherto  on  the  ground  that  the  trade 
route  from  the  West  Indies  to  China  and  India  has  not  been  a 
direct  one,  but  "  has  passed  by  a  long  circuit  either  to  the  north 
or  to  the  south." 

The  disease  is  chiefly  prevalent  at  the  hot  season  of  the  year,  and 
it  appears,  as  a  rule,  to  be  favoured  by  humidity.    It  afi'ects  coast 
towns,  notably  those  with  much-polluted  harbours  ;  it  haunts,  as 
Manson  says,  "the  sea  front  where  the  sewage  discharges."  It 
persistently  affects  particular  localities,  and  soil  probably  plays  a 
part  in  determining  this  peculiarity.    As  in  the  case  of  beri-beri, 
ship  outbreaks  occur.    The  fatality  varies  in  different  epidemics— in 
unacclimatised  adults  it  may  be  60  per  cent,  or  more.    Males  are 
more  often  affected  than  females,  and  it  is  especially  fatal  among 
the  intemperate  ;  probably  the  question  of  alcohol  determines  tlie^ 
greater  attack-  and  death-rates  in  males.     The  incubation  period 
varies  from  one  to  three  days.    One  attack  usually  confers  protection. 
In  cities  in  which  the  disease  is  almost  constantly  present  the  cases  to 
a  large  extent  occur  among  strangers ;  the  mortality  among  perma- 
nent residents  is  comparatively  low— under  10  per  cent.    In  Kew 
Orleans,  during  epidemics,  children  die  in  large  numbers,  and  this  is 
explained  by  the  fact  that,  "  unlike  the  children  in  endemic  ar.>a« 
they  are  not  acclimatised."    The  immunity  of  residents  in  endemic 
areas  has  been  held  to  be  transmitted  by  heredity  ;  a  more  probable 
hypothesis  is  that  it  is  acquired  by  undergoing  a  mild,  unrecognised 
attack  of  yellow  fever. 

.  Many  attempts  have  been  made  to  isolate  the  germ  of  yellow 
fever.    Freire  believed  it  to  be  an  organism  which   he  isolated 
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And  termed  the  Cryptococcm  xanthogenicus.  Finlay,  of  Havainiaii 
claims  to  have  discovered  the  true  organism,  and  he  ]iolds  that  tlie 
mosquito  IS  mainly  concerned  in  spreading  the  disease.  Sanarelli  in 
189/  isolated  a  motile  bacillus,  the  Bacilla^  icieroides,  which  he  cul- 
tivated and  showed  to  be  pathogenic  in  animals;  moreover,  cultures 
are  said  to  have  produced  yellow  fever  in  man.  The  organism  is 
agglutinated  by  the  serum  of  a  person  suflering  from  yellow  fever 
and  Sanarelli  claims  to  have  obtained  a  protective  serum  by  treat- 
ment of  horses.  The  question  as  to  the  interpretation  of  Sanarelli's 
results  IS  still  subjudice. 

Unacclimatised  persons  who  visit  yellow  fever  localities  should 
avoid  the  poorer  and  low-lying  parts  of  the  town,  as  filth  and 
overcrowding  are  said  to  favour  the  spread  of  the  disease.  Sailors 
should  not  be  allowed  to  go  on  shore.    If  yellow  fever  break  out 
on  board  ship,  the  best  plan  is  to  make  with  all  speed  for  a  region  of 
comparatively  low  temperature.     The  United  States  Army  Com- 
mission made_  a  number  of  important  observations  with  regard  to 
yellow  fever,  m  the  island  of  Cuba,  during  the  years  1900  and  1901 
An  account  of  their  proceedings  is  given  in  a  paper  by  Surgeon 
I    T        '  'f'^\^Vlpe^^'^^\  in  the  Jozcrnal  of  Hygiene,  Vol.  II., 
.>o.  2.     They  found  that  the  disease  was  inoculable,  the  specific 
agent  being  present  in  the  blood,  at  least  during  the  first,  second, 
and  third  days  of  the  attack;  successful  results  were,  moreover 
obtained  with  bacteria-free  serum  filtrate.     Attempts  to  conve,' 
infection  by  fomites  were  uniformly  unsuccessful,  but  a  species  of 
moH<imto  Stegomy^afasciata,  if  previously  fed  on  yellow  fever  blood 
^•a.,  after  the  lapse  of  an  interval  of  twelve  days  or  more,  found  capable 

mo  qu  toes  from  access  to  them,  while  at  the  same  time  efiorts  were 
wat  att.  1  r"^.;  mosquitoes  within  a  given  radius  of  each  case, 
vas  attended  with  marked  success.  The  spread  of  yellow  fever  in 
JIavana,  during  the  year  March  1st,  1901  to  March  1st,  1902  i. 
subsequent  to  the  putting  in  practice  of  this  stamping  out  process'  wa'^ 
S"^'  and  this  despite  the  fact  that'mL  thTs  ; 00 0 
and  190r"  ^  l«-3 
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It  is  necessary  to  distinguish  between  deodorants,  antiseptics,  and 
disinfectants.    Deodorants  merely  destroy  or  overpower  unpleasant 
smells.     Antiseptics  retard  the  growth  of  organisms,  but  do  not 
necessarily  kill  them.     The  term  "  disinfectant"  should  be  Hmited 
to  substances  capable  of  destroying  the  germs  of  disease.    But  here 
there  is  the  difficulty  that  it  is  only  in  certain  instances  that  the 
organisms  can  be  isolated  and  experimented  with ;  again  the  know- 
ledge which  is  available  shows  that  while  some  are  comparatively 
readily  destroyed,  others  are  much  more  resistant.     The  late  Sir 
George  Buchanan  wrote,  in  1885,  in  connection  ^sith  Dr.  Parsons 
inquiry  concerning  disinfection  by  heat:  "Dr.  Parsons  has  had  a 
care  to  take  destruction  of  the  most  stable  known  infective  matter 
as  the  test  of  true  disinfection"  ;  and  this  of  course  is  the  only  safe 
guide  in  the  existing  state  of  knowledge. 

The  importance  of  light  and  fresh  air  as  germicidal  agents  must 
not  be  lost  sight  of;  again,  much  can  be  done  in  the  way  of  mere 
mechanical  removal,  for  the  purpose  of  subsequent  destruction  by 
fire  of  articles  of  small  value,  the  wall-paper  after  stripping  it  from 
the  walls,  etc. ;  moreover,  scrubbing  and  cleansing  operations  should 
by  no  means  be  disregarded.  These  agencies  may  be  looked  upon  as 
important  auxiliaries.  The  chief  measures  relied  upon  m  disinfection, 
however,  are  the  application  of  heat  or  of  chemical  disinfectants. 

Disinfection  by  Heat.-Heat  may  be  most  effectually  applied 
by  burning  or  boiling.  Articles  which  are  too  valuable  to  burn,  or 
which  would  be  spoiled  by  immersion  in  boiUng  water,  must  be  sub- 
iected  to  the  action  of  heat  in  special  forms  of  apparatus.  IJntil  quite 
"recently  exposure  to  dry  heat  was  commonly  practised;  but  experi- 
ments made  by  Koch  and  his  assistants,  in  1881,  cast  great  doubt 
upon  the  reliability  of  hot  air  disinfection.  They  ascer  ained 
that  spore-free  bacteria  were  destroyed  on  exposure  to  -1^ 
for  an  hour  and  a  half,  but  tliat  spores  were  killed  only  after  remain- 
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ing  three  hours  in  hot  air  at  284°  F.    The  penetrating  power  of  dry 
heat  was  found  to  be  little  marked,  and  in  order  to  secure  adequate 
disinfection  in  the  case  of  bundles  of  clothes,  pillows,  etc,  prolonged 
exposure  (three  to  four  hours)  to  a  temperature  of  284°  F.  waa 
necessary,  and  most  of  the  materials  to  be  disinfected  were  found  to 
be  more  or  less  injured  by  such  exposure.    Parsons  and  Klein  in  thia 
rountry  conducted  similar  investigations.     Parsons,  in  his  report 
(Fourteenth  Annual  Keport  of  the  Medical  Officer  of  the  Local 
Government  Board)  says-"  It  has  been  well  remarked  that  bedding, 
blankets,  etc.,  are  the  highest  outcomes  of  the  ingenuity  of  man  to 
check  the  passage  of  heat  from  one  side  of  the  object  to  tlie  other. 
It  is^  no  wonder,  therefore,  that  they  should  be  found  difficult  of 
penetration  by  heat."    His  experiments  showed  that  "  to  procure  the 
penetration  by  heat  of  bulky  articles  of  badly  conducting  material, 
IngJi-pressure  steam  is  the  agent  jxir  excellence:' 

Tlie  penetrating  power  of  steam  heat  is  due  to  more  than 
-  cause.     Parsons   puts  in  the  forefront  "the  large  amount 


one 


of  latent   heat  contained  in  steam."     When,  as  he  says,  "an 
object  IS  heated,  by  being  placed  in  hot  dry  air,  not  only  is  no 
atent   heat   yielded  up   to   it   by  the   air,  but,  on  the  other 
hand,  before  the  object  can  attain  the  temperature  of  212°  F  any 
water  which  it  may  contain  must  be  evaporated."     Again,'  the 
fact  that  condensation  of  steam  makes  way  for  more  steam,  has 
important  influence.    Thus  he  says:  "When  steam  penetrates  into 
the  interstices  of  a  cold  body  it  undergoes  condensation  in  im^ 
parting  Its  latent  heat  as  aforesaid  to  the  body.    When  condensed 
mto  water  it  occupies  only  a  very  small  fraction  (about  ^)  of  its 
ormer  volume.    To  fill  the  vacuum  thus  formed  more  steam  presses 
torward,  m  its  turn  yielding  up  its  heat  and  becoming  condensed, 
and  so  on  until  the  whole  mass  has  been  penetrated.    On  the  othe^ 
hand,  hot  air,  m  yielding  up  its  heat,  undergoes  contraction  in 
olume.  It  IS  true,  but  only  to  a  very  small  extent  as  compared  with 
that  undergone  by  steam  in  condensing  into  water  " 

th™p/"r ''^T'^       by  Parsons  as  tending  to  facilitate 
ht  penetrative  power  of  steam,  are  tlie  fact  that  heat  is  evolved  in 

wi'th  1  7J   :  of  two  gases  into  one  another  taking  place 

detitresr  aTl  ''  """^  T  "^""'^  ^'^^^^  ^^ective 
ZLZe  o  /"^-P-«--'  the  effect  of  intermitting 
i-'^ve  a  means  of  considerably  increasing  the  penetrative  po^er  of 
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Kteam,  by  displacing  the  cold  air  remaining  in  the  interstices  of  the 
material." 

Very  careful  consideration  was  given  by  Parsons  to  the 
question  of  the  liability  to  injury  of  articles  disinfected  by  licat. 
The  modes  in  whicli  sucli  injui-y  may  occur  are  classified  by  him  as 
follows : — 

1.  Scorching  or  partial  decomposition  of  organic  substances  by 

heat.  In  its  incipient  stages  this  manifests  itself  by 
changes  of  colour,  changes  of  texture,  and  weakening  of 
strength. 

2.  Overdrjnng,  rendering  materials  brittle. 

3.  fixing  of  stains,  so  that  they  will  not  Avash  out. 

4.  Melting  of  fusible  substances,  such  as  wax  and  varnish. 

5.  Alterations  in  colour,  gloss,  etc.,  of  dyed  and  finished  goods. 

6.  Shrinkage  and  felting  together  of  woollen  materials. 

7.  Wetting. 

The  first  two  modes  of  injury  were  common  in  the  days  of  dry- 
heat  apparatus;  'with  steam  they  are  comparatively  unimportant. 
As  regards  the  third,  it  is  well  known  that  dyers  and  calico  printers 
use  high-pressure  steam  for  the  very  purpose  of  fixing  their  colours. 
This  property  of  heat  is,  therefore,  as  Parsons  says,  "  an  inconvenient 
one  from  our  present  point  of  view."   Linen  soiled  with  blood,  fsecal 
matter,  etc.,  "  cannot  be  disinfected  by  heat,  not  even  by  boiUng 
water,  without  indelibly  fixing  the  stains."    The  only  alternatives 
are  to  put  up  with  damage  to  this  extent,  or  to  make  suitable 
arrangements  (with  all  proper  precautions  against  spreading  infec- 
tion) for  first  soaking  such  linen  in  cold  or  tepid  water,  in  order  to 
remove  the  stains,  and  then  subsequently  disinfecting  by  steam  or 
by  exposure  to  boiling  water.    To  prevent  the  fourth  class  of 
injury,  all  fusible  and  inflammable  substances  should  obviously  be 
removed  prior  to  use  of  the  steam  disinfecting  apparatus.  Dry 
lieat  is  less  likely  than  steam  heat  to  cause  injury  in  the  ways 
indicated  under  heads  five,  six,  and  seven,  and  hence  it  is  still 
sometimes  used  for  disinfecting  books,  and  articles  made  of  leatlier, 
etc.,  which  steam  heat  would  injure. 

Hansom's  self-regulating  hot-air  apparatus  is  fully  described  m 
Parsons'  report,  as  being  one  of  the  best  of  its  kind,  and  it  may  be 
employed  for  the  purpose  indicated ;  but  complete  reliance  cannot 
b-  placed  upon  penetration  of  the  heat.  In  cases  where  articles 
cannot  be  satisfactorily  disinfected,  the  best  plan  is  to  burn  them. 
It  has  been  suggested  that  books  should  be  exposed  to  formaldehyde, 
and  this  plan  is  sometimes  adopted,  the  books  being  suspended  and 
their  pages  subjected  as  far  as  practicable  to  tlie  action  of  tlie  dis- 
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infectant.  Injuries  caused  by  "  slirinkage,"  "  felting  together,  and 
loss  of  elasticity  and  fluffiness,  upon  which  the  svarnith  and  softness 
of  woollen  materials  depends,"  and  damage  by  "wetting,"  which 
may  produce  shrinkage  and  cause  colours  to  run,  cannot  be 
altogether  obviated  in  steam  disinfection.  By  careful  use  of  suit- 
able appliances,  however,  such  injuries  may  be  reduced  to  a 
nnnimum,  and  various  devices  for  displacing  the  steam  and  drying 
the  articles  before  they  are  removed  from  the  steam  disinfector 
liave  been  employed. 

The  steam  disinfectors  in  common  use  at  the  present  time  are 
adapted  either  for  the  use  of  current  steam  or  of  steam  under  pressure ; 
again,  the  steam  may  be  saturated  or  superheated.  High-pressurJ 
steam  (10  to  30  lbs.  to  the  square  inch)  possesses  considerable  pene- 
trating power,  and  the  time  of  exposure  necessary  is  therefore  lessened  • 
moreover,  the  pressure  can  be  raised  and  lowered,  thus  greatly  favour- 
ing penetration.    A  temperature  of  115^'  to  120°  C.  can  be  obtained 
m  high-pressure  stoves,  and  the  period  of  exposure  of  articles  in 
them  can  be  reduced  to  half  an  hour  or  even  fifteen  minutes.  In 
some  modern  appliances  a  partial  vacuum  is  produced,  by  directin^r 
a  jet  of  steam  across  the  orifice  of  an  opening  communicating  witfi 
the  disinfecting  chamber,  before  steam  is  admitted  to  the  latter, 
and  by  this  means  the  subsequent  penetration  is  greatly  facilitated  ' 
or,  after  the  disinfection  has  been  effected,  a  vacuum  may  he 
created,  and  dry  hot  air  then  drawn  into  the  chamber    so  as 
to  remove  any  condensed  moisture  from  the  disinfected  mlterials 
and  enable  them  to  be  restored  to  their  owners  in  a  dry  condition  ' 
The  use  of  steam  at  low  pressure  (3  to  5  lbs.  to  the  square  inch) 
ha.s  been  advocated  on  the  ground  that  the  cost  of  construction  in 
appliances  made  to  resist  high  pressure  is  considerable,  and  that 
tlie  advantage  of  the  higher  pressure  per  se  is  not  specially  obvious 
provided  the  considerations   to   which  reference  has  been  made 
(penetration,  drying  of  goods,  etc.)  are  duly  observed  in  carrying, 
out  disinfection  at  lower  pressures.     In  some  stoves  steam  without 
pressure  is  used,  and  here,  while  the  penetration  per  unit  of  time  is 
less,  the  current  of  steam  gradually  drives  before  it  the  air  contained 
m  the  materials  to  be  disinfected,  and  thus  secures  in  the  Ion-  run 
more  complete  penetration  than  can  be  obtained  with  steam*  con- 
fM.Kl  under  pressure,  unless  adequate  provision  for  escape  of  the 
steam  from  time  to  time,  and  for  alternations  of  pressure,  be  made. 

i  he  distinction  between  superheated  and  saturated  steam  is  an 
"uportant  one     Saturated  steam,  ever  ready  to  condense  on  coming 
n  contact  with  an  object  cooler  than  itself,  constitutes  a  most  efficient 
penetrating  agency,  but  wlien  it  is  used  there  is  a  tendency  to 
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wetting  of  the  materials  disinfected.  On  the  other  hand,  super- 
heated steam,  i.e.,  steam  raised  above  the  temperature  at  whicli 
condensation  (at  the  pressure  wliich  obtains)  occurs,  cannot  condense 
until  deprived  by  conduction  of  a  portion  of  its  heat.  Hence,  witJi 
superlieated  steam  tliere  is  less  liability  to  wetting  and  damage 
of  disinfected  materials;  but,  on  the  other  hand,  the  penetrating 
advantages  offered  by  steam  lieat  are  now  to  a  large  extent  in 
abeyance,  as  the  superheated  steam  merely  behaves  as  hot  air  would 
do,  imparting  heat  by  conduction,  and  no  longer  possessing  the 
ability  to  become  at  once  condensed  on  being  brought  into  contact 
with  a  cool  object.  In  practice,  however,  the  extent  to  which 
steam  is  superheated  is  not,  as  a  rule,  sufficiently  great  to  prevent 
condensation  occurring. 

In  Washington  Lyon's  apparatus,  an  elliptical  chamber  is  used 
possessing  an  outer  jacket.  Steam  at  15  or  more  lbs.  pressure  is 
admitted  to  this  outer  jacket,  the  walls  of  the  chamber  and  its 
contents  are  thus  heated,  and  then  steam  at  a  somewhat  lower 
pressure  is  introduced  into  the  chamber  itself.  The  amount  of  con- 
densation is  lessened  by  the  use  of  the  outer  jacket,  the  steam  in 
the  chamber  being  kept  slightly  superheated.  A  steam  exhaust, 
poreover,  is  commonly  used,  as  aforesaid,  to  produce  a  vacuum  before 
the  entry  of  the  steam,  and  so  favour  penetration ;  the  exhaust  may 
again  be  put  in  operation  after  disinfection,  this  being  foUowed  up 
by  admission  of  hot  air  to  dry  the  disinfected  materials.  This  form 
pi  apparatus  is  one  of  the  best,  but  also  one  of  the  most  costly. 

Beck's  stove  does  not  possess  the  outer  jacket.  It  is  a  low- 
pressure  stove  and  comparatively  inexpensive,  but  longer  exposure 
.of  the  materials  to  be  disinfected  is  necessary.  A  device  employed 
in  tHs  apparatus  is  the  introduction  of  a  cold  shower  of  water,  after 
flisinfection,  into  the  chamber  (avoiding,  of  course,  the  articles  it 
.contains),  in  order  to  rapidly  condense  the  steam.  Air  then  enters 
to  fill  the  partial  vacuum  formed,  and  drying  of  the  disinfected 
articles  can  be  thus  effected. 

The  Equifex  Disinfector  has  no  outer  jacket ;  it  can  be  obtained 
adapted  for  either  high  or  low  pressure.  In  Thresh's  disinfector 
steam  given  off  from  a  boiler  containing  a  calcium  chloride  solution 
is  used  ;  thus  the  steam  is  somewhat  super-heated  without  employing 
pressure,  for  the  boiling-point  of  the  solution  is  higher  than  that  of 
water;  the  temperature  of  the  steam  evolved  is  about  lOo"  C. 
In  the  last-named  forms  of  apparatus,  as  in  those  first  mentioned, 
the  disinfected  articles  are  usually  dried,  by  one  or  other  means, 
at  the  termination  of  the  disinfection,  and  before  being  removed 
jrom  the  stove. 
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It  is   important   that   disinfected   materials  should   not  be 
Again  contaminated,  by  being  brouglit  in  contact  with  infected 
materials,  hence  it  is  usual  to  design  tlie  disinfecting  station  in  such 
a -way  that  the  room  to  which  the  infected  goods  are  brought  is  aerially 
disconnected  from  that  from  which  disinfected  goods  are  removed, 
the  disinfecting  apparatus  being  built  into  the  wall  separating  the' 
two  distinct  portions  of  the  establislmient.    Moreover,  the  covered 
conveyances  which  bring  infected  materials  to  the  station  should  be 
altogether  distinct  from  those  taking  disinfected  articles  from  it 
Again,  attendants  should  not  pass  from  one  part  of  the  building 
to  the  other;  and,  indeed,  every  precaution  should  be  taken  to 
prevent  intercommunication  between  the  infected  and  non-infected 
sides  of  the  premises. 

A  destructor  or  incinerator  sliould  be  available  at  the  disinfecting 
station  and  it  is  a  great  advantage  if  a  laundry  for  dealing  with 
infected  hnen  is  also  provided.  In  London  it  is  usual  to  erect  on 
the  same  site  a  shelter  to  accommodate  persons  "who  have  been 
compelled  to  leave  their  dwellings  for  the  purpose  of  enabling, 
such  dwellings  to  be  disinfected  by  the  sanitary  authority  "  The 
duty  of  making  such  provision  has  been  imposed  on  sanitary 
authorities  under  Section  60  (4)  Public  Health  (London)  Act,  1891 
In  the  country,  generally,  there  is  no  obligation  to  make  sucJi' 
provision  unless  the  Infectious  Diseases  (Prevention)  Act,  1890  is 
in  force  (See  p.  539).  ' 

Chemical  Disinfectants. -Disinfection  by  the  application  of 
various  chemical  substances  remains  to  be  considered.    There  are 
many  chemical  disinfectants,  so  called.    If  the  term  be  limited 
however,  to  those  which  are  capable,  in  a  brief  space  of  time,  of 
destroying  the  most  stable  known  infective  matter,  the  number  is 
very  small.    Koch  experimented  with  threads  soaked  in  cultivations 
of  anthrax  spores,  which  he  placed  for  measured  periods  of  time  in 
various  solutions,  and  he  found  that  rapid  and  complete  action,  with 
destruction  of  the  spores  in  the  course  of  twent/four  hours  was 
manifested  m  only  a  very  small  number  of  instances,  including  the 
tZ  "  T^.  -di-,  and  bromine 

olut      'T  T  v        r  °  1  of  potash,  a  5  per  cent. 

toof:T       P'^''^^""^.?  «^  ^^^^•^"^T.    Other  disinfectants  either 

be  onH    T/J"''  ''''  ^^"^         kill  them  at  all; 

b  onging  to  this  group  were  5  per  cent,  solutions  of  the  following 

■sulphate  of  iron,  and  boracic  acid.  ' 
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It  appears,  then,  that  hy  far  the  most  powerful  disinfectant, 
according   to  these   experiments,  is  perchloride   of  mercury;  a 
solution  containing  one  part  of  this  reagent  in  1,000  parts  of  water 
possesses  the  ability  to  kill  anthrax  spores  in  a  few  minutes.  An 
important 'point   in   connection  with  the  use  of  perchloride  of 
mercury  is  that  it  coagulates  albuminous  substances,  and  conse- 
(luently,  when  material  containing  such  substances  in  any  quantity 
is  to  be  disinfected,  the  perchloride  of  mercury  solution  must  be 
added  in  considerable  excess,  in  order  to  make  up  for  the  waste 
"caused  by  the  coagulation.     Again,  perchloride  of  mercury  is 
a  very  powerful  poison,  and  caution  requires  to  be  exercised  in 
nsinc^  it.    The  solution  may  with  advantage  be  coloured  in  order  to 
prevent  any  possibility  of  mistake,  and  the  following  formula  is 
often  employed  :— Mercuric  chloride,  i  oz. ;  hydrochloric  acid,  1  oz. } 
aniline  blue,  5  grains ;  water,  3  gallons. 

The  «7ie?ioZs  and  cresols  are  obtained  in  the  distillation  of  tar. 
Pure  phenol  (carbolic  acid)  has  the  formula  C,HeO.  Cresol  or 
cresylic  acid  is  methyl-phenol,  C.HgO.  Ordinary  commercial  car- 
bolic acid  is  in  the  main  a  mixture  of  ortho-,  meta-,  and  para-cresols, 
Cresol  is  found  to  possess  slightly  greater  disinfecting  property  than 
inire  phenol.  Izal  is  a  comparatively  new  product,  which  is 
extracted  from  an  oil  formed  in  the  distillation  of  coke.  It  is  a 
cream-like  emulsion,  and  appears  to  contain,  or  to  be  allied  to,  creso L 
Jeyes'  fluid,  creolin,  and  saprol  are  further  examples  of  creso  - 
containing  preparations.  A  10  per  cent,  admixture  of  izal  with 
.vater  has  been  found  to  be  capable  of  destroying  anthrax  spores  m 

twenty  minutes.  x  it„» 

It  has  recently  been  shown  that  chinosol,  a  yellow  crystalhne 
substance  belonging  to  the  quinoline  group,  which  is  non-poisonous, 
and  which  does  not  coagulate  albumen,  possesses  marked  disinfec 
tant  properties.    Formalin  is  an  aqueous  solution  of  formaldehyde 
(to  be  immediately  referred  to)  concentrated  so  as  to  contain  about 
40  per  cent.    Perchloride  of  mercury,  formalin,  and  chinosol  hB^e 
beeii  largely  employed  as  spray  disinfectants-an  Equifax  sprayer, 
or  other  ii  m  of  apparat-,  which  .vill  discharge  the  fluid  upon  the 
surface  to  be  disinfected,  with  considerable  velocity,  and  m  as  finely 
divided  a  state  as  possible,  being  used.    Chloride  of  1--.  -dium 
hypochlorite,  lime,  sulphates  of  copper,  iron,  and  zmc,  and  chloude 
of  '^nc  (whi;h  forms  the  main  ingredient  of  Burnett's  fluid)  have 
all  been  tried  as  disinfectants,  but  they  cannot  be  regarded  as  sa 
Satisfactory  as  mercuric  chloride  and  the  phenols 

In  employing  chemical  disinfectants  it  is  important  to  ensure 
their  being  added  to  the  infected  material  in  adequate  quantity,  and 
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infecting  po.e,  st:^^';:^j:zT-:\t:  Tfr^f 

fluid.    Acrair.  •  *  x    ^^^7®"^^^^®  in        added  disinfecting 

infectecl^rkl?  fotr 

desired  eflect     ChlL  di  !t  "  '° 

liquid  f„™.  Dis;:,x  p  wtri  To        "  ^ 

many  of  them  are  of  hnt  llS    T     ^  '  ''""'^^er,  sometimes  used  ; 

and  Macdouga  .  ^o'^aj^^t  Ta w'to  T""""  ^"'^  P"-"- 

they  do  not  contain  W  ^""""^         advantage  that 

po,;ier.,.  -""J'  carbolic  acid 

tion."    Th   notionCeltld'l'/r"''"""  T"'  ^W"'- 

I that  all  that  was  reonisTt^v      /  ""''»>'W«lly  been 

the  room.    With  Tcdrho  of  t^f  f  M  "'^  °' 

infective  material  anci  ,t„dl  7.T     ,  Particulate  nature  of 

organisms,  it  has  ber  eltadtL  ;  f  rl?"'  ^''''P'''-*^  »' 
"  disinfection  -  can  be  :t  m  H  L;  ta"  way  „,  practical 

course,  the  organisms  floating  it  1     ,  ^'  <>* 

room  that  should  be  thoSt   ,    P-'^cuIar  •  time  in  the  air  of  a 
inconsiderable  ^  numb     fn  com  "  '^'"^\'-'^<"^--^  ;  these  are 
rganisms  present,  and  the  me    dSrcLrlf^  T 
a  matter  of  oomparativelv  °*  germs  is 

being  to  deal  as  fCs  ;otble*  '°  ^»  '"'--d 

Hence  dirt  and  dust  ofTk"  drthati    \T"T'  "  ""^ 
as  that  suspended  in  the  air  or  I  ~  f     "       '"■'=™^^>  ""^ 

infected.  Again,  infective  1  .  *  ^-Po^cally-require  to  be  dis- 
liWy  to  hav?  solCd  : - 
is  little  or  no  likelihood  J.™™.' '»''™tlons  in  which  there 
by  gases  evolved  ittet!^::  ^r^fn^^^n^ 

^n.Xvrri:fnet:^^^^^ 
=xrsiLir^-„:^^^^^^^^^ 

understood,  and  fumigation  ^     "      "o*  generally 

Efficient  means  of  d  infectin  "a      '"S"*"  -  being  in  itself  a 

i'.    In  many  insUls  n  "!  r  fZ  istf 
Md  even  when  this  is  not  th.  „      S      """*«<*'0"  practised, 

-acK  an  e.aggerated^r;„rtncr;  XL?"  '  '^"'"""^  ^ 
-  *-iug  the  surface  of  ^Ustt^ by  tbt^Xr 
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with  crumb  of   broad  has  been   extensively  employed;   and  ii. 
Paris  and  elsewhere  reliance  is  placed  upon  the  use  of  disinfectant 
solutions,  which  are  applied  systematically  to  walls,  etc.,  to  the 
exclusion  of  the  use   of  gaseous  disinfectants.     In  Pans,  per- 
chloride  of  mercury  lias  been  largely  employed  in  tlie  form  of  spray, 
but  it  cannot  be  applied  to  many  metallic   and  other  objects 
mthout  causing  injury,  and  the  poisonous  character  of  the  hquid 
has  been  objected  to  as  a  possible  source  of  danger.     In  some 
instances  symptoms  of  mercurial   poisoning  are  stated  to  have 
occurred  among  persons  engaged  in  the  work  of  disinfection.  It 
appears  likely  that  disinfection  will,  as  time  goes  on,  be  increasingly 
carried  out  on  lines  similar  to  these.    At  the  present  time,  however 
in  England,  gaseous  disinfection  is  very  extensively  practised,  and 
sulphurous  acid,  chlorine,  or  formic  aldehyde  are  generally  rehed 

"""^Sulphurous  Acid-Sulphur  Dioxide. -Thifi  gas  may  be  generated 
by  burning  ordinary  roll  sulphur  in  an  iron  vessel,  the  ignition  of  the 
sulphur  being  favoured  by  moistening  it  with  a  little  spint;  or 
sulphur  candles,  made  by  mixing  sulphur  .vith  inflammable  mate- 
rial, may  be  used.  Again,  carbon  bisulphide  may  be  burnt  m  an 
ordinary  benzoline  lamp,  sulphur  dioxide  being  thus  evolved.  _  These 
methods  are  all,  to  a  large  extent,  superseded  at  the  present  time  by 
the  use  of  cylinders  containing  liquefied  sulphur  dioxide,  this  method 
bein<r  much  more  convenient,  though  rather  more  costly. 

As  the  gas  is  about  twice  as  dense  as  atmospheric  air,  it  is  well  to 
■arrange  for  its  being  liberated  at  some  height  in  the  room  and 
bronze  or  gilded  objects  should  be  removed  and  disinfected  by 
application  of  carbolic  acid,  as  the  sulphur  fumes  would  tarnish 
them  All  outlets  must  be  carefully  closed,  including  the  fire- 
place ;  cracks  must  be  pasted  over  with  paper,  and  the  room  con- 
verted, as  far  as  possible,  into  a  hermetically  sealed  chamber^  At 
least  2  lbs.  of  sulphur  (or  two  20-oz.  cylinders  of  the  hquefied  gas) 
should  be  used  for  every  1,000  cubic  feet  of  space.  The  room  can 
then  be  made  to  contain  about  2  per  cent,  of  the  gas,  and  it 
should  be  kept  sealed  for  twenty-four  hours. 

If  the  work  has  been  thoroughly  done,  there  may  be  difliculty 
in  entering  the  room  to  ventilate  it ;  in  that  case  a  towel  well  wetted 
with  washing  soda  may  be  used  to  protect  the  mouth  of  the  operator- 
After  the  room  has  been  properly  ventilated,  the  articles  in  itshouW 
be  removed  to  the  wash-tub  or  to  the  disinfecting  ^l;^";^"'/'  ^ 
walls  should  be  stripped;  the  floor  thoroughly  scrubbed;  and  it 
is  desirable  that  articles  of  furniture  should  be  well  wiped  Mith  ^ 
cloth  wetted  witlx  some  suitable  liquid  disinfectant,  care  being  takea 
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ofpe^chZclT'''"""^'"^""^'  ^"""P^^'  by  application 

ot  pel  chloi  ide  of  mercury  to  metallic  surfaces. 

on  IZ  ""^  sulphurous 

n  ;  marled  M  .^"k'  ^^^^^^^^-^  -P-ities  are  somewhat 
"'01  e  maiked     Metal  objects  and  silk  materials  are  likely  to  be 

p w  tl    u  'h"""  ?  "  by  bleaching 

po^vdel  uith  sulphuric  acid  or  hydrochloric  acid.    Two  pounds  of 
bleaching  powder  and  one  pound  of  commercial  hydrochlo^acM 
should  be  used  for  every  1,000  cubic  feet  of  space.    The  ts  may  be 
advantageously  generated  in  more  than  one  part  of  the^roorand 
the  receptacles  should  be  placed  high  up,  as  chlorine,  like  su  Zrout 
acid,  xs  dense  and  diffuses  badly.    Caution  is,  of  course  necesLry 
n  arranging  for  escape  from  the  room  immediUelv  the  e;oTut  Jn  of 
he  gas  is  started;  and  if  difficulty  be  experienced  in  rett  Ig 
a  towel  soaked  in  a  weak  'inh^+;^.^  ■  cuieixng, 

the  mouth  »mmoma  may  be  placed  over 


oxygen  upon  ,vh,ch  its  chsinfeoting  power  depends.    The  presence 
of  moisture  ,s  therefore  of  importance,  and  it  may  be  noted  hat 
om."''  ,  "V""'"'  »'  -Iptarous  acid.    Hence  .n 

In  the  case  of  both  sulphurous  acid  and  chlorine  it  is,  however  even 

g  ri;  thiZrf  ;r'i°?  tT"^-  -isi:  fi^stf 
^xpi;  trti°:c«t'iVt;etm::"'°'H  •  " 

looked  ,mn^  a.        ,  -^•'"''^  fumigation  can  only  be 

a  more  rerl  form  of  """"P"^ 

oniy^£^rc  E;i'':!::2rmenL*::i 

the  aforementioned  laL^from  a  ISTT  "> 
over,  it  i,  less  dense  3  iT   «<'™-='''»''''y''8  Point  of  view  ;  more- 

i»  thus  :o™;:;^:to?L:i:r^ 
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It  is  a  pungent  gas,  and  its  aqueous  solution  can  be  concen- 
trated untiUt  Ltains  40  per  cent,  of  the  aldehyde.    T  -  hqu.d^^^^^^ 
then  known  as  formalin.    If  concentration  is  continued  beyond  this 
point,  a  polymeric  form  of  the  aldehyde-paraformaldehyde-is  pi  e- 
cipitated  as  a  white  solid.    This  substance  has  been  made  up  into 
tabloTds,  "paraform"  tabloids,  which  can  be  volatilised  in  a  lamp 
which  las  been  designed  for  the  purpose.     Roux  and  Baudet 
Idvocate    however,  the  use  of  a  solution  of  the  gas  m  calcium 
:hloTde 'the  mixture  being  known  as  "  f ormochlorol "  ;  when  this 
mixture  is  heated  under  pressure  in  an  autoclave,  the  gas  evolyeu 
Tsaid  to  be  practically  dry,  and  to  show  no  tendency  to  polymerise, 
and  to  this  they  attach  importance.  .  „  .  . 

WtoL  Blyth  in  1897  found  that  "a»  a  di»infactmg  f-f/ono^c 
aldTh'Tde  wa»  far  superior  to  sulphnron,  acid.    Kenv,c«d  states  tha 
thin  the  atmosphere  is  charged  with  "from  i  to  3        cent  o 
the  vapour  of  formic  aldehyde  the  disinfection  o    all  surfaces  is 
complete  and  rapid,  and  that  this  holds  good  under  the  ordinary 
crditions  of  temperature  and  moisture  obtaining  in  living-rooms. 
He^vocated  the' use  of  from  i  to  1  flion  " 

every  1,000  feet  of  cubic  space.    The  standard  of  "  isinf ectjon 
TdopU  however,  in  Kenwood's  experiments,  it  should  be  noted 
was  thJt  represented  by  ability  to  destroy  "non-spore  bactena  of 
rlailtivelT   easy   destructibility,"  so   that   complete  rehance 
::3tte^Jced  upon  the  method  for  effectually  deabng  with  more 

'trmX— .  and  Gordon  reported  to  the  London  County 
CounciUn  1902  upon  the  value  of  various  disinfectants  vnide^ 

r:-a«r^Sr;ti:,':^— 

iberally  applied  to  four  different  sorts 

— :      t  r  fid  - 

by  cuitura  destroyed  with  certamty  by  per 

:rs::~xHnioco.|htweii^^^^^ 

the  other  disinfectants  either  faihng  to  destroy  ti 
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inicertain,  "and  almost  invariably  failing  when  wood  and  cloth* 
were  the  materials  to  be  disinfected."    In  the  case  of  the  tubercle 
bacillus,  carbolic  acid  (5  per  cent,  solution,  with  twenty-four  hours' 
exposure)  and  perchloride  of  mercury  "  were  the  only  disinfectants 
efficacious  on  each  occasion";  neither  formalin  nor  sulphurous  acid 
mamfested  ability  to  deal  with  wood  or  cloth  infected  with  this 
bacillus.    Formalin  vapour,  however,  showed  to  greater  advantage 
than  sulphurous  acid  in  the  case  of  tubercular  sputum  dried  on  linen 
and  paper.    The  gaseous  disinfectants  proved  effectual  in  the  case  of 
the  remammg  organisms,  save  in  one  experiment  in  which  even  the 
little  resistant  bacillus  typhosus,  exposed  on  wood  or  cloth,  was  not 
destroyed  by  formalin. 


The  contrast  observed  between  wood  and  thick  cloth  on  the  one  band 

r^tlZ""  ?    y""^^'.  attributed  to  the  fact  "that  the 

microbe-contaimng  mixtures  soaked  into  the  materials  first  named  " 
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Rates.— The  rate,  at  which  births,  deaths,  etc.,  occur  in  a  par- 
ticular community,  is  usually  expressed  in  terms  of  a  year  and  a 

thousand  persons  living.    Thus  : — 

number  of  deaths  in  the  year  ^  qqq 
Annual  death-rate  =  -^^^i^-^lhTi^e-^f  the  year  ' 
In  calculating  weekly,  quarterly,  etc.,  death-rates,  the  standards 
employed  are  still  the  year  and  1,000  persons  living.  Hence,  a  weekly 
death-rate,  a:,  signifies  not  that  x  deaths  per  1,000  living  occurred 
during  the  week,  but  that,  had  the  rate  of  mortahty  during  the 
week  been  maintained  for  a  year,  x  deaths  per  1,000  living^  would 
have  been  recorded.  Again,  a  "  quarterly  birth-rate  "  of  32  implies 
that  8,  not  32,  births  per  1,000  living  occurred,  during  the  quarter 

in  question.  j    -u  d 

The  following  remarks  concerning  death-rates  were  made  by  -Ur. 
Farr  •— "  The  simple  process  of  comparing  the  deaths  in  a  given  time, 
out  of  a  given  number  living,  is  a  modern  discovery  ;  and  as  some 
individuals  died  at  all  ages  in  the  healthiest,  or  attained  the  highest 
a<^es  in  the  unhealthiest  classes,  and  epidemics  desolated  the  country 
as  well  as  towns,  though  to  less  extent,  the  unaided  reason  was 
baffled  in  its  attempt  to  unravel  the  intricate  facts,  and  to  dra^^ 
conclusions  which  could  justify  or  stimulate  public  "^tejfer^"^^- 
If  the  law  of  nature  had  been  that  all  the  inhabitants    /'^^  I 
healthy  place  attained  the  age  of  40  years,  and  of  *  l^^^^f/ J^^J^ 
the  age  of  50  years,  and  then  invariably  died,  the  difference  would 
have  been  perceived  in  two  or  three  generations:  but  the  aw  o 
nature  was  clifferent ;  in  both  cases  infants  died  at  the  breast  m  n 
perished  in  the  prime  of  life,  and  old  men  grew  grey  -^^^^  - 
proportions  only  varied,  and  the  difference  was  m  the  --:ag^ 
cluration  of  life,  which  varied  from  20  to  50  years  and  >et  re^ 
remained  undetermined."    He  added  tliat  it  was^not  reahsed  for 
example,  before  the  first  report  of  the  Kegistrar-General  appeared. 
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how  considerable  was  the  difference  between  the  mean  duration  of 
hfe  in  the  east  districts  (25—30  years)  and  tliat  in  the  west 
distncts  (40—50  years)  of  the  metropolis. 

The  main  caution  to  be  borne  in  mind  in  using  rates,  is  that  while 
they  constitute  a  weapon  of  enormous  value,  provided  the  facts  be 
sufficiently  numerous  and  the  period  reviewed  extend  over  a  sufficient 
lengtn  of  time,  the  liability  to  error  is  increasingly  greater  as  they 
are  calculated  on  smaller  and  smaller  figures.* 

Population.— Before  calculating  rates  it  is  necessary  to  ascer- 
tain the  populations  upon  Avhich  they  are  to  be  estimated.   The  first 
census  Avas  taken  in  this  country  in  1801,  and  a  fresh  census  has 
been  taken  every  ten  years  since ;  the  details  ascertained  have  varied 
somewhat  m  the  different  enumerations,  and  there  has  been,  on  the 
whole,  a  tendency  to  add  to  the  particulars  collected.    This  tendency 
will,  no  doubt,  continue  as  time  goes  on,  but  it  has  been  necessary 
to  proceed  by  degrees,  for,  as  Koel  Humphreys  has  pointed  out, 
.    in  jH^ngland,  at  any  rate,"  census  statistics  "are  simply  the  tabu- 
lated results  of  facts  furnished  by  householders,"  and  "the  imperfect 
education  of  a  large  proportion  of  householders  in  this  country  neces- 
sarily impairs  the  accuracy  of  much  of  the  information  collected  "  • 
he  cites,  for  example,  the  information  given  witli  regard  to  occupa- 
tions; speaking  generally,  the  more  detailed  the  information  sou-ht 
the  greater  become  the  possibilities  of  error.  *  ' 

The  follmving  inaccuracies  Avith  regard  to  "  ages  »  should  be  particu- 
larly noted.  Children  in  their  first,  second,  and  third  year  are  often 
returned  as  one,  two,  or  three  years  old  ■  thus,  in  the  first  year  of  life 
especially,  the  census  gives  too  low  a  figure.  Again,  there  is  a 
tendency  to  return  ages  as  some  multiple  of  ten,  for  as  Ogle,  in  the 
Report  on  the  1891  Census,  noted,  it  is  necessary  to  realise  that  "  not 
improbably  the  greater  number  of  adults  do  not  know  their  precise 

ditionVtoVr'^T  ^^^'^^^  ^^<^^^tove,  with  apologists  for  insanitary  c"^- 
ditions  to  reduce  the  number  of  facts  under  review  to  such  an  extent  as  to 

area,    the  phthisis  death-rate  may  be  excessive,  but  this  hi<.h  rate  while 
apparent  enough  for  the  whole  population,  may  n;t  be  so  obvious  on  1  mittg 
consideration  to  particular  houses  in  the  area.    If  it  ean  be  elicited  fof 
example  that  only  two  deaths  from  phthisis  occurred  in  a   ow  of  houses 
occupied  by  forty  persons,  during  a  period  of  five  years,  such  a  dLove  Tn 

^ntlT'T  the  high  rate  in'the  entireToStioT 

The  particular  figures  in  question  give,  as  a  matter  of  fact,  for  the  fort v 
ouTd       ^^^'-^"^.^--^-^  Ph*'^--  ^1-th-rate  (10  per  1,000  p  r  annum) 
ould  however  have  been  possible,  by  excluding  the  housL  in  which  the 
eaths  occurred,  to  show  that  no  deaths  at  all  could  be  associated  with  ho 
maining  houses.    Of  course,  but  little  importance  can    rl^   ^se  b 

opalation  of  only  forty  persons  when  it  relates  to  a  period  of  but  five  years 
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age,  and  can  only  state  it  approximately."  Again,  tliere  is  a  certain 
amount  of  wilful  misstatement  of  age ;  tlius,  as  Farr  pointed  out, 
the  number  of  girls  aged  10 — 15  at  the  1841  census  fell  short  by  more 
than  25,000  of  the  number  of  young  women  returned  at  the  age-period 

20  25  in  the  1851  census;  the  fact  suggests  that,  "in  1841  and 

1851,  heads  of  families  returned  several  thousands  of  ladies  of  the 
higher  ages  at  the  age  of  20 — 25."  Finally,  persons  at  advanced 
ages  are  very  apt  to  overstate  their  age.  This  question  will  be 
seen  to  assume  importance  in  connection  with  life  tables. 

Inasmuch  as  the  population  is  enumerated  at  the  end  of  the  first 
quarter  of  census  years,  an  estimate  is  necessary  to  determine  the  num- 
ber at  the  middle  of  the  year  {i.e.,  at  the  end  of  the  second  quarter). 
Moreover,  estimates  must  be  made  of  the  populations  at  the  middle 
of  intercensal  years,  and  in  making  the  calculation  it  is  assumed  that 
the  population  increases  or  decreases  in  geometrical  progression. 

On  this  assumption  the  rates  of  quarterly  increase  and  of  annual 
increase  are  determined  from  the  known  rate  of  decennial  increase. 
Thus,  if  the  census  populations  be  P  and  P^  the  rate  of  decennial 

_  ,  the  rate  of  annual  increase  =  '1/  — ,  and  that  of 
"P  '  r  P 


increase  =  ^ 


quarterly  increase  = 

Hence  log  ratio  of  decennial  increase  =  log  P'  —  log  P 
log  ratio  of  annual  increase... 


logP'  -  log  P. 
10 

logP'  -  log  P. 


and  log  ratio  of  quarterly  increase 

Thus,  it  may  be  necessary,  for  example,  given  the  census  popula- 
tions of  1891  and  1901,  to  find  the  population  at  the  middle  of  1904. 
Here  the  population  at  the  census  of  1901  must  be  multiplied  by 
the  ratio  of  quarterly  increase,  and  again  by  the  cube  of  the  ratio 
of  annual  increase,  since,  from  the  time  of  taking  the  1901  census 
to  the  middle  of  1904,  one  quarter  of  a  year  and  three  whole  years 
have  elapsed.  Taking  logarithms,  therefore— the  log  of  the  popu- 
lation required  =  log  population  at  census  of  1901  +  log  ratio 
of  quarterly  increase  +  3  times  log  ratio  of  annual  increase. 

The  length  of  the  interval  between  successive  censuses  is  apt  to 
prove  a  source  of  difficulty.  In  London  an  intermediate  census  was 
taken  for  the  first  time  in  1896,  at  the  end  of  five  years  from 
the  1891  enumeration.  The  1896  census  did  not,  liowever,  cover 
the  whole  ground  of  an  ordinary  census.  The  estimation  of  a 
population  over  a  period  of  ten  years  without  definite  ascertainment 
of  its  actual  numbers  in  the  interval  may  yield  startling  results. 
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Thus  the  Liverpool  death-rate  was  supposed  to  have  fallen  from 
26-7  m  1881  to  23-6  in  1890,  the  population  of  the  city  being  esti- 
mated on  the  assumption  that  the  increase  of  the  previous  decade 
had  been  maintained.  As  a  matter  of  fact,  it  was  found,  in  1891, 
that  the  population  had  actually  decreased,  and  that  the  death- 
rate,  instead  of  falling  to  23-6,  had  risen  to  27-8.  To  some  extent 
estimated  populations  may  be  checked  by  noting  variations  in  the 
birth-rate,  or  m  the  number  of  inhabited  houses  as  ascertained 
from  the  rate  books. 

Births  must  (since  1874)  be  registered  within  forty-two  days  of 
their  occurrence.   Still-births  are  not  included  in  the  returns  in  this 
country.    The  birth-rate  is  only  slightly  affected  by  season ;  there 
is  a_  tendency  for  a  maximum  to  occur  in  June  and  July,  and  a 
minimum  in  February  or  March.    Social  position  has  marked 
influence,  the  main  factor  being  apparently  the  later  ages  at  which 
the  well-to-do  marry.    There  has  been  in  most  countries,  during 
the  years  of  registration,  a  general  tendency  to  decline  in  the  birth- 
rate •  this  dechne  has  been  particularly  noticeable  in  France  and  in 
parts  of  the  United  States.    Newsholme  considers  that  postpone- 
ment of  marriage  and  increased  proportion   of  celibacy  "only 
account  for  a  share  of  the  decreased  birth-rate,"  and  he  holds  that 
explanation  of  the  phenomenon  is  to  be  sought  "in  some  other  cause 
or  causes  m  operation  throughout  the  civilised  world" 

More  males  are  born  than  females;  during  the  years  1838-47, 
1,000  males  were  born  to  every  1,000  females  in  this  country,  but 
189^  q11  f".  proportion  has  gradually  declined,  until  in 

1891-90  It  was  only  1,036  males  to  1,000  females. 

Marriages  -The  marriage-rate  is  usually  stated  in  terms  of 
1,000  persons  Imng;  a  more  accurate  method  is  to  calculate  it  on 
the  number  of  marriageable  persons  over  fifteen  years  of  age  The 
marnage-rate  is  always  higher  in  towns  than  in  the  countrj,  and  it 
^  markedly  influenced  by  national  prosperity.  Having  attained  a 
maximum  of  17-6  n  1873,  it  has  sho.^  a  tendency  on  fhe  whole  to 

th  r^:  ''''  tr'""  '^^^  ^^^^^  ^'^^^  «^  — ry  in 

Inmn.tion,  from  82  men  and  223  women  who  were  minors  pe^ 
,000  marriages  m  the  years  1871-75,  to  56  men  and  183  wonien 
who  were  minors  per  1,000  marriages  in  the  years  1891-95 

u ruble  L     '"T,:  ''''^  ''''  ^^omen  married,  were 

d  min^^^^^^^^^^  proportion  has  steadily 

climiniBhed  to  less  than  6  per  cent,  in  both  sexes ;  the  proportion  of 
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women  signing  the  marriage  register  with  marks  is  still  sliglitly  in 
excess  of  that  of  men. 

Deaths  nmst  be  registered  within  five  days  of  their  occurrence. 
When  a  person  who  dies  has  been  attended  by  a  registered  medical 
practitioner  it  is  the  duty  of  such  practitioner  to  certify  the  cause  of 
death.  In  1895  the  causes  of  91-68  per  cent,  of  the  total  deaths  in 
England  and  Wales  were  certified  by  registered  medical  practi- 
tioners. The  absence  of  a  certificate  does  not  necessarily  involve 
the  holding  of  an  inquest;  the  registrar  may,  save  in  certain 
circumstances,  accept  the  statement  of  the  person  who  informed 
him  of  the  death,  as  to  the  cause. 

A  Committee  of  the  House  of  Commons  was  appointed  to  con- 
sider the  question  of  death  certification,  and  reported  in  1893. 
The  Committee  recommended  that,  in  each  sanitary  district,  a 
registered  medical  practitioner  should  be  appointed  as  public 
medical  certifier  of  the  cause  of  death,  in  cases  in  which  a  certificate 
from  a  medical  practitioner  in  attendance  was  not  forthcoming. 
The  Committee  made  a  number  of  other  suggestions,  but  efi'ect  has 
not  yet  been  given  to  their  recommendations. 

The  effect  of  emigration  and  immigration  upon  the  death-rate  m 
a  locality  is  marked ;  hence  the  low  death-rate  of  groA\ang  towns, 
whose  population  is  being  continually  added  to  by  numbers  of  young 
adults  from  country  districts.  In  some  localities  the  proportion 
of  domestic  servants,  whose  lives  are,  generally  speaking,  "good 
lives,"  is  sufficiently  large  to  materially  influence  the  death-rate. 
Moreover,  in  the  case  of  domestic  servants,  it  is  often  found  that 
when  illness  occurs  the  patient  returns  home,  and  her  death,  should 
the  illness  prove  fatal,  is  registered  there,  and  is  thus  not  credited 
to  the  district  in  which  she  has  been  living. 

Out-lying  institutiotis  and  non-residents.— TxMic  Institutions  are 
also  sources  of  disturbance  of  death-rates.    In  order  to  obviate  the 
difficulties  in  question,  it  is  desirable  that  the  deaths  of  strangers 
who  happen  to  die  in  the  district  should  be  excluded,  and  that  those 
of  persons  who  belong  to  the  district,  but  who  die  outside  it,  should 
be  included.    The  correction  is  difficult  to  make  in  its  entirety,  but 
to  some  extent  the  source  of  error  can  be  removed.    In  London 
each  sanitary  authority  is  supplied  quarterly,  from  Somerset  House, 
with  particulars  of  the  deaths  belonging  to  it,  which  have  occurred 
in  outlying  institutions,  and  in  the  statistics  published  by  tlie 
Registrar-General  relating  to  the  thirty-three  great  towns  the 
deaths  of  non-residents   occurring  in  county   hospitals,  county 
asylums,  hospitals  for  infectious  diseases,  and  convalescent  homes, 
are  excluded  from  the  deaths  returned  as  belonging  to  the  sub- 
districts  in  which  such  institutions  are  situated. 
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In  particular  instances,  unless  correction  for  outlying  institutions 
and  for  non-residents  be  made,  most  fallacious  conclusions  are  likely  to 
be  drawn.    Thus  an  urban  registration  district  containing  a  large 
general  hospital,  whose  patients  are  only  in  small  part  drawn  from 
the  registration  district  itself,  may  show  great  excess  of  mortality, 
unless  regard  be  paid  to  the  question  of  the  hospital  deaths.    On  the 
other  hand,  the  practice  of  isolating  small-pox  cases  at  a  distance 
from  centres  of  population  may  result,  during  times  of  small-pox 
prevalence,  in  practically  no  increase  in  a  particular  district  in  the 
death-rate  due  to  this  cause,  unless  regard  be  paid  to  the  small-pox 
deaths  occurring  in  the  isolation  hospital,  which  may  happen  to  be 
situated  m  a  registration  district  distinct  from  that  to  which  the 
deaths  really  belong. 

mortality  should  always  be  estimated  in  proportion  to  every 
thousand  births,  inasmuch  as  the  census  returns  relating  to  the  first 
year  of  hfe  are,  as  has  been  seen,  particularly  untrustworthy, 
•btnctly  speaking,  the  mean  of  the  births  of  the  current  and  the 
preceding  year,  or  the  births  of  the  first  half  of  the  current  and  the 
last  ha  f  of  the  preceding  year,  should  be  taken  as  giving  the  true 
mfantile  population;  as  a  rule,  however,  this  more  accurate  method 
IS  not  adopted,  and  the  births  of  the  current  year  are  taken.  The 
mfantile  mortality  is  often  appealed  to  as  a  test  of  "sanitary  condi- 

\  nnn  ^""^  ^'^^  mortalities,  even  exceeding  200 

per  1,000  births,  recur  year  after  year.  In  London  the  average  infant 
ortality  IS  about  loo  per  1,000.  In  the  Fifty-fourth  Annual 
eport  of  the  Registrar-General  (See  p.  445),  the  subject  of  infant 
ortality  IS  discussed. 

Neglect  on  the  part  of  parents  plays  an  important  part  in  connection 
th  infant  mortality.    Dr.  G.  Reid  has  drawn  attention  to  the  in- 
uence  thus  exerted  in  connection  with  employment  of  married  women 
factories  m  Staffordshire.     He  found  that  the  infant  mortality 
three  groups  of  towns,  followed  the  order  in  which  the  groups  were 
arranged,  from  the  point  of  view  of  number  of  women  engaged  in 

coinoir"^         ^^"T  *hat  the  obterved 

comcidence  is  really  due  to  the  operation  of  other  factors,  inasmuch 
as  populations  can  be  selected,  from  other  parts  of  the  country, 
ZJwfJ'^    ?  '''''''  ^"  association  with  compar;! 

n    onn    ?  ''^^^'7"'''''  factories.    The  question  raised 

whi  h Tnn  T  *he  Staffordshire  figures  is,  holever,  one  to 

wmch  importance  must  be  attached. 

tuuh'^rr"\    f  "Ir"  P'^'""^^^       '^^'S^'y  -countable 

Itemen     r  T  f        ^f"'^''^"^  "P«"  striking 

statement  that  has  been  made  that  "during,  the  sufferings  and 
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starvation  connected  with  the  siege  of  Paris  in  1870-71,  while  the 
general  mortality  was  doubled,  that  of  infants  is  said  to  have  been 
reduced  by  about  40  per  cent.,  owing  to  mothers  being  oljhged  to 
suckle  their  infants."    The  same  increase  of  adult  and  diminution 
of  infant  mortality  was  seen  during  the  Lancashire  cotton  famine, 
when,  as  Newsholme  notes,  mothers  were  not  at  work  at  the  mills. 
Two  further  points  may  be  referred  to:  Year  after  year  considerably 
more  than  1,000  infants  are  "  overlaid,"  i.e.,  suffocated  in  bed.  Ogle 
pointed  out  (53rd  Annual  Report  of  the  Reg.-Genl.,  p.  xv.)  that 
these  deaths  are  specially  frequent  on  Saturday  nights,  and  suggested 
that  drunkenness  of  the  parents  probably  exerted  influence  m  this 
connection.   Again,  Farr  has  shown  that  the  number  of  deaths  of  ille- 
gitimate infants,  per  1,000  illegitimate  births,  is  in  marked  excess  of 
the  number  of  deaths  of  legitimate  infants,  per  1,000  legitimate  births. 

The  influence  of  birth-rate  on  death-rate  has  been  much  discussed. 
Alterations  in  the  birth-rate,  by  affecting  the  age  constitution  of  a 
population,  affect  the  death-rate ;  thus,  a  high  birth-rate,  other  things 
being  equal,  in  a  particular  year,  by  causing  immediate  increase  m 
the  number  of  young  children,  whose  rate  of  mortality  is  high,  might 
be  expected  to  increase  the  death-rate  for  a  year  or  two.    On  the 
other  hand,  however,  if  the  birth-rate  continue  high,  after  a  few 
years  the  population  comes  to  possess  an  unusual  proportion  of 
persons  who  havQ  weathered  the  storms  of  infancy,  and  whose  rate 
of  mortality  is  now  low.    Thus,  a  high  birth-rate,  continued  for  a 
number  of  years,  might  be  expected  to  produce  a  low  death-rate. 
As  a  matter  of  fact,  in  many  instances  in  which  high  birth-rates 
occur,  other  conditions  which  affect  death-rates  more  than  the  birth- 
rate itself  does  also  obtain,  and  hence  the  influence  of  the  birth-xate 
per  se  is  often  obscured.    Thus,  in  crowded  urban  districts,  occupied 
by  poor  people,  high  birth-rates  and  high  death-rates  often  co-exist. 
The  high  death-rate  in  such  cases  obtains,  notwithstanding  the 
favourable  age-distribution  of  the  population  produced  by  the  high 
birth-rate,  and  is  probablv  due  to  insanitary  conditions.    It  has  been 
pointed  out  that  low  birth-rates,  continued  for  a  number  of  years, 
have  been  observed  to  be  associated  with  low  death-rates.    In  France, 
however,  a  low  birth-rate  co-exists  with  a  somewhat  high  death-ra^. 
In  that  country  the  low  birth-rate  has  been  very  long-continued, 
and  the  proportion  of  persons  at  advanced  ages  (attended  by  lugh 
mortality)  is  in  such  marked  excess  of  the  normal  proportion  as  to 
adversely  influence  the  death-rate.  ,  ,  .  «f 

Combined  cWcth-rates. -In  obtaining  the  combined  death-rate  ot 
two  districts,  it  is,  of  course,  necessary  to  take  into  account  the 
relative  si.es  of  the  populations.  Thus,  if  one  population  consist  ot 
10  000  persons  witli  a  death-rate  of  20  per  1,000,  and  the  other  ot 
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50  000  persons  Avith  a  death-rate  of  15  per  1,000,  the  combined  death- 
rate  IS  obtained  by  applying  the  total  deaths  200  -f  750,  i.e.  950  to 
the  total  population  60,000.  The  death-rate  is  then  15-8.  It  would 
be  absurd,  of  course,  to  regard  the  mean  of  the  two  death-rates,  17-6 
as  the  combined  death-rate,  save  in  the  case  in  which  the  two 
populations  happened  "to  be  equal. 

Influence  of  Age  and  Sex.-The  death-rates  in  the  two  sexes 
and  at  difierent  age-groups  are  given  on  page  479.  It  vnl\  be  seen 
tJiat  the  variations  are  considerable. 

The  tendency  of  the  two  sexes  to  sufier  to  a  differing  extent, 
from  various  diseases,  must  be  noted.  It  is  probably  largely  in- 
fluenced  by  the  degree  of  exposure  to  the  conditions  favouLbk  to 
the  development  of  certain  maladies,  and  is  also  in  part  due  to 
differences  m  predisposition.  The  excess  of  male  mortality  in 
small-pox  typhus,  hydrophobia,  glanders,  anthrax,  syphilis,  gonor- 
rhoea, and  alcohohsm  is  clearly  in  the  main  due  to  the  former 

tTchildb^^th     ''""T  P-^P-^lf---d  diseases  incidental 

to  child-b  rth  are,  of  course,  limited  to  females.  Cancer,  again,  is 
more  fatal  among  women  than  men.  Measles  and  diarrLa  show 
excess  among  males  under  five;  after  five,  measles  mortality,  and 
after  ten  scarlet  fever  mortality,  is  greater  in  females.  Diphtheria 

infection  m  connection  with  attendance  on  the  sick,  may  be  in  part 
accountable.    Nervous  diseases,  diabetes,  tabes  mesentei-ic!,  tube 
cular  meningitis  and  rickets  are  more  fatal  in  males.  Erysipel! 
rheumatism,  and  an.mia  cause  higher  mortality  in  females,  V  loT: 
also  whooping-cough      The  mortality  from  phthisis  showed,  unt 

the  torty-fifth.    This  higher  mortality  in  females  has  receded  gradu- 

fifth  Ip  ^      1  higher  female  mortality  only  reached  to  the  thirty- 
fifth  year  and  m  the  decade  (1881-90)  only  to  the  twenty-fifth 

The  influence  of  age  upon  mortality  from  particular  diseases  has 
been  s  rikingly  illustrated  by  Farr  (Supplement  to  the  Thirty  fiM 
Amiua  Report  ,  in  his  account  of  the  "  March  of  an  F^^l^ 

2L?i  P-^--  of';  000  0 

advan "The  fi  '        ^^^'^^^  ^^"^^^  ^^-t  them  as  their  age 
aavances.     "The  fir.st  thing  to  observe,"  he  says   "ic,  +1^,^ 

^  Of  t"  T"*' T"^'"^ ^  - 

Tre  feeble   t£^v       °T-T  T ''■''^o  ^een  bom  prematurely;  they 

■  lie  toL  „7eT    7   ;  -<1  fibres  of  brain! 

-  n  .Hl  m7jn   7^^^^^  ""^  Wood 

n  wmch  life  depends,  have  undergone  a  complete  revolution  ■  tl„. 

■ung.  are  only  Just  called  into  play'  The  baby  is  hllpTe:';!;  t 
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food  and  all  his  wants  he  depends  on  otherH."  Out  of  a  million 
149.493  die  in  the  first  year  of  age.  "In  the  second  year  of  life 
pneumonia,  bronchitis,  and  convulsions  are  still  the  prevalent  and 
most  fatal  diseases;  many  also  die  then  of  measles,  whooping-cough, 
scarlatina,  and  diarrhoea.  Scarlet  fever  asserts  its  supremacy  in  the 
second,  third,  fourth,  and  fifth  years  of  age.  Whooping-cough  is 
at  its  maximum  in  the  first  year,  measles  in  the  second,  scarlatina 
in  the  third  and  fourth  years."  The  deaths  from  all  causes,  under 
the  age  of  five  years,  are  263,182 ;  in  the  healthy  districts  only 
175,410;  but  in  Liverpool  460,370,  or  "nearly  half  the  number 
born,  died  in  the  five  years  follomng  their  birth." 

At  the  age  5 — 10  the  total  deaths  are  only  34,309 ;  scarlatina 
is  the  "principal  plague  of  this  age."  At  10—15  the  deaths  are 
fewer  than  at  any  other  age — phthisis  accounts  for  about  one-fifth 
of  them.  At  15 — 20  mortality  increases,  especially  among  women, 
of  whom  5,263  die  of  consumption  (phthisis);  a  few  women 
already  die  in  child-birth.  At  20—25  nearly  half  the  deaths  are 
caused  by  phthisis ;  1,100  women  die  in  child-birth.  At  25—35  con- 
sumption is  the  most  fatal  disease  and  is  the  cause  of  27,134  deaths  ; 

35  40    "phthisis  still  predominates,  fever  still  snatches  its 

many  victims,  and  the  brain,  heart,  lungs,  and  bowels  become 
more  and  more  the  seats  of  destructive  disease;  564  persons 
commit  suicide,  3,280  die  violent  deaths,  2,907  of  them  men 
and  373  women;  2,516  mothers  die  in  child-birth."  In  the  period 
45_55,  "the  middle  arch  of  life,"  the  million  lives  are  reduced 
to  half'  a  million ;  cancer,  already  fatal  before,  now  destroys  4,583 
lives.  In  the  period  55—65  cancer  kills  5,998,  consumption  10,445. 
"  The  diseases  most  to  be  dreaded  and  guarded  against,  especially  by 
men,  are  affections  of  the  lungs  and  heart,  of  which  23,659  and 
17,081  persons  die.  Diseases  of  the  brain  are  fatal  to  15,678; 
diseases  of  the  stomach  and  intestines  and  liver  are  fatal  to 
11  400."  Only  309,029  persons  enter  the  period  65 — 75,  and 
161,124  leave  it  alive,  the  same  classes  of  disease  as  were  fatal 
from  55—65  prevail.  Only  38,565  leave  the  next  period,  75—85, 
alive  -  2  153  live  to  95,  and  223  to  100.  "Such  and  so'various," 
says  Farr,  "are  the  settings  of  40,858,184  years  of  English  life." 
The  account  of  which  the  above  is  a  brief  abstract,  was  written,  it 
must  be  remembered,  about  the  year  1875,  and  the  figures  used  are 
those  of  the  English  Life  Table,  No.  3,  to  be  presently  referred  to. 

Correction  for  Age  and  Sex  Distribution. -As  has  been 

already  noted,  in  connection  with  the  influence  of  the  birth-rate 
upon  the  death-rate,  modifications  in  the  age  and  sex  distribution 
of  a  population  materially  influence  its  death-rate.  The  Kegistrar- 
General  began,  in  1883  (Annual  Summary),  to  apply  a  method  of 
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correcting  the  recorded  death-rate  of  the  great  towns  for  age  and 
sex  distribution^*    This  method  can,  of  course,  be  applied  to  other 
populations,  and  it  is  often  employed.    The  principle  adopted  is  the 
construction  for  each  to^vn  of  a  standard  death-rate~L,  a  rate- 
calculated  on  the  hypothesis  that  the  deaths  at  each  age-period 
m  each  sex  occur  at  the  same  rates  as  those  obtaining,  not  in  the 
to.-n  Itself,  but  in  England  and  Wales,  during  the  latlst  available 
decennial  period     Thus,  to  the  population  of  the  particular  town 
rate  0   mortality  in  the  country  as  a  whole,  are  applied,  and  the 
result,  the  standc^d  death-rate  of  the  town,  differs  f'om  tie  actua 
death-rate  in   the   whole  country,  to  a  greater  or  less  extent 
according  as  the  age  and  sex  distribution  in  the  town  are  more  or 
less  abnormal     As  an  example  of  the  method  of  calculating  a 

sary  data  in  a  particular  instance,  that  of  the  town  of  Huddersfield 
^!^^q^!^!li-mNew^^  ,f  V-,^!  Statistics 


Ages. 


Under  5.. 

5 
10 
15 
20 
25 
35 
45 
55 
65 

75  and  up- 
wards... 


Mean  Annual 
Death-rate  in  Eng- 
land and  Wales, 
1881-90,  per  1,000 
living  at  each 
group  of  ages.f 


Population  of  Hud- 
dersfield in  1891. 


Males. 

61-59 
5-35 
2-96 

4-  33 

5-  73 
7-78 

12-41 
19-36 
34-69 
70-39 


Females. 
51-95 

5-  27 
3.11 
4-42 

6-  54 

7-  41 
10-61 
15-09 
28-45 
60-36 


162-62  147-98 


Males. 

4,551 

4,691 

5,113 

4,905 

4,541 

7,466 

5,576 

3,944 

2,393 

1,128 

250 


Females. 
4,785 
5,081 
5,165 
5,549 
5,461 
8,834 
6,265 
4,649 
3,017 
1,590 

466 


Calculated 
Number  of 
Deaths  in 
Huddersfield.t 


44,558  50,862 
9M20 


Males. 
280 
25 
15 
21 
26 
58 
69 
76 
83 
79 

41 


Females 
249 
27 
16 
25 
30 
65 
66 
70 
86 
96 

69 


For  an  alternative  method  which  can  be  exaxAoyed^^^h^^r^^^r:^ 
rates  at  age-periods,  in  populations  whose  recorS  d  deatt  rate  i/to  , 

deItLtt'ert'mi'9;         n  "'^      —  — 1 

llanVlsT  ^  Fifty.fourth  Annual  Report,  Tables 

X  The  "  calculated  deaths  "  are  taken  to  whole  numbers  only. 
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It  will  bo  found  that  the  number  of  deaths  so  calculated,  1572, 
only  yields  a  death-rate  of  1  6-47,  whereas  the  death-rate  of  England 
and  Wales  (1881-90)  was  19-15.  The  Huddersfield  population  is 
thus  far  more  favourably  constituted,  as  regards  age  and  sex  dis- 
tribution, than  the  population  of  England  and  Wales  generally; 
for  in  place  of  a  death-rate  of  19-15,  which  is  that  yielded  on 
application  of  the  England  and  Wales  rates  to  the  England 
and  Wales  population,  the  Huddersfield  population,  on  having 
the  same  rates  applied  to  it,  yields  only  a  "standard  rate"  of 
16-47. 

The  standard  death-rates  of  the  thirty-three  great  towns  are 
found  to  vary  considerably.  The  lowest  standard  death-rate  was  that 
of  Huddersfield,  just  referred  to ;  while  the  highest  standard  death- 
rate  was  that  of  Norwich,  which  was  19-99.  Some  of  the  towns 
yield  standard  death-rates  diiTering  but  little  from  that  of  England 
and  Wales ;  for  the  most  part  the  standard  death-rates  in  the 
towns  fall  short  of  this,  owing  to  divergences  (from  the  England 
and  Wales  age  and  sex  distribution  of  population)  in  these  towns, 
of  such  a  kind  as  to  render  them  likelj,  d  priori,  to  have  a  lower 
death-rate  than  that  of  England  and  Wales.  The  standard  death- 
rate  for  the  population  of  the  thirty-three  to^vns  taken  altogether  is 
only  17-72  ;  that  of  England  and  Wales,  less  the  thirty-three  to^vns, 

being  19-46.  •    -r-    i  j 

The  Registrar-General  divides  the  standard  death-rate  m  England 
and  Wales  by  the  standard  death-rate  in  each  town,  and  calls  the 
result  obtained  the  factor  fm-  correction  for  the  particular  to^vn, 
i  e  it  is  the  figure  by  which  the  recorded  death-rate  should  be 
multiplied  in  order  to  correct  for  variations  of  age  and  sex  dis- 
tribution When  the  recorded  death-rate  of  a  town  is  multipUed 
by  the  factor  for  correction,  the  result  is  the  corrected  death-rate 
for  that  to^vn.  Again,  the  Registrar-General  gives  for  each  tovm 
a  comparative  mortaUty  figure,  which  represents  its  corrected 
death-rate  for  the  particular  year  in  question,  compared  with  the 
recorded  death-rate  at  all  ages  in  England  and  Wales  taken  as 
1,000.    Thus,  in  Huddersfield  in  1900  the  recorded  death-rate 

was  16-78;  thismust  be  multiplied  by  i^-^^,  i.e.,  1-1627  (the  factor 

for  correction),  in  order  to  obtain  the  corrected  death-rate,  wliich 
proves  to  be  19-51.  On  comparing  this  with  the  England  and 
Wales  rate,  19-15,  it  is  found  that  it  stands  to  it  in  the  proportion 
1,018  to  1,000.  Hence  1,018  is  the  comparative  mortality  tigure 
for  Huddersfield  for  1900. 
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The  following  Table  gives  the  results  obtained  for  the  year  1900 
m  the  thirty-three  great  towns  (Table  A,  Annual  Summary 
for  1900,  p.  iv.)  :  


Towns  ill  order  of 
their  corrected 
Death-rates. 


Cols. 


England  and  Wales 
England   and  "Wales. 

less  the  33  towns 
Thirty-three  towns 
Croydon  ... 
Cardiff     ...  ."" 

Norwich  

West  r-Tani 

Bristol   

Port,smoiith   

Brighton  

Birkenhead 
Swansea  ... 

Bradford   

Burnley  

Leicester  ... 
Derby 

Huddersfield 

London   

Halifax  ... 

Plymouth 

Gateshead 

Nottingham 

Hull 

Newcastle-upon-Tvne 

Bolton   ...  ... 

Leeds 

Oldham  ... 

Sunderland 

Blackburn 

Wolverhampton... 

Birmingham 

Sheffield  

Preston  ...  ['[ 
Manchester 
Liverpool 
■Salford  ... 


S3 


a  c8 


.  19-ir) 

l!l-4() 

•  17-72 
.  lS-37 
17-1() 
l!)-99 

1 7-  7.5 

18-  4.5 
18-73 
18-94 
17-42 
1 7-.53 
1()-81 
li;-()7 
1 7-(i4 
1 7-3() 
l(v47 
17-97 
17-20 
19-70 

1 7-83 

17-  <1 

18-  23 
1 7'.58 
l(i-9G 

17-  28 
l()-72 

18-  25 

1 7-  05 

18-  30 
1 7-33 
17-22 
17-42 
l(i-90 
17-44 
17-03 


1-0000 

0-  9  S40 

1-  0800 
1-0424 
l-llo9 

0-  9o79 

1-  0788 
1-0379 
1-0224 
1-0110 
1-0993 
1-0924 
1-1391 
1-1487 
1-0855 
1-1031 
1-1(!27 
l-0(;5« 
1-1133 

0-  9720 

1-  0740 
1-07.52 
1-0.504 
1-0892 
1-1331 
1-1082 

1-1453 

1-0493 

1-1231 

l-04()4 

1-10.50 

1-1120 

1-0993 

1-1331 

1-09x0 

1-1244 


18-31   .  18-31 


17-(il 

19-.54 

14-  «0 
13-77 
17-57 

15-  93 
l(i-(J« 
17-28 
17-84 
1(5-82 
17-07 

16-  41 
l(i-30 

17-  43 

1 7-  4« 
16-78 

18-  79 

18-  12 
20-80 

19-  02 
19-10 
19-75 
19-51 

19-  45 

20-  00 

19-  55 

21-  41 

20-  48 

22-  51 

21-  53 

22-  59 
24-03 

24-  13 

25-  fir) 
25-10 


17-38 

21-11 
15-22 

15-  37 

16-  83 

17-  19 
17-29 

17-  67 

18-  04 
18-49 
18-65 
18-69 
18-72 

18-  92 

19-  26 

19-  51 

20-  02 
20-17 
20-22 
20-43 
20-54 

20-  75 

21-  26 

22-  04 
22-16 
22-39 

22-  47 

23-  00 
23-55 
23-79 

25-  12 

26-  42 

27-  34 

28-  17 
28-22 


1,000 
946 


31 
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and  burials  were  instituted  by  the  parish  clerks  of  London.  The 
series  was  continued  uninterruptedly  from  the  year  1603.  At  first 
the  plague  was  distinguished,  and  then  other  diseases  and  casualties. 
A  glance  at  the  entries  in  "  the  bills  "  (chrisomes,  worms,  teething, 
moldshot-head,  liver-grown,  canker,  thrush,  etc.),  and  comparison 
of  them  with  the  nomenclature  of  a  modern  hospital  report  (or  with 
the  third  edition,  being  the  second  revision,  of  the  Nomenclature  of 
the  Royal  College  of  Physicians  of  London,  which  appeared  in  1896, 
and  in  accordance  with  which  death-returns  are  or  should  be  now 
made),  shows,  as  Sir  John  Simon  says,  how  great  an  advance  has 
been  effected  as  regards  accurate  definition  of  the  cause  of  death. 
"Pathological  anatomy,  chemistry,  the  stethoscope  and  other 
instruments  of  investigation  "  have,  of  course,  "  greatly  facilitated 
the  analysis  of  diseases." 

The  Registrar-General  adopts  eight  chief  di\dsions  of  diseases  each 
with  sub-sections.    The  first  group  of  febrile  or  zymotic  diseases 
comprises  miasmatic,  diarrhceal,  malarial,  zoogenous,  venereal,  and 
septic  diseases.     The  remaining  groups  include  five  which  are 
headed  parasitic,  dietetic,  constitutional,  developmental  and  local 
diseases  together  Avith  "violence"  and,  finally,  "ill-defined  and 
not  specified  "  causes.    It  is  important  to  note  as  regards  zymotic 
diseases,  that  it  is  common  to  apply  the  term  zymotic  death-rate, 
not  to  the  mortality  from  the  entire  zymotic  group  of  the  Registrar- 
General,  but  to  the  death-rate  from  what  are  styled  the  seven  prin- 
cipal zymotic  diseases— small-pox,  measles,  scarlet  fever,  diphtheria 
(including  membranous  croup),  Avhooping-cough,  "fever"  (typhus,, 
simple  continued,  and  enteric),  and  diarrhea  (including  cholera). 
In  certain  minor  particulars,  as  Newsholme  says,  the  Registrar- 
General's  classification  is  not  abreast  of  medical  knowledge.  He 
instances,  for  example,  the  need  of  transferring  tubercular  diseases, 
and   almost   certainly   rheumatic   fever,   from    constitutional  to- 
infective  diseases,  and  tetanus  to  the  same  group  from  diseases  of 
the  nervous  system. 

In  death  certificates  headings  such  as  dropsy,  convulsions,  palsy, 
etc.,  often  appear.  Farr  held  that  refusal  to  accept  such  term* 
would  tend  to  foster  "  reckless  conjecture  "  in  making  returns  :  it  was, 
however,  he  said,  desirable  that  the  use  of  the  names  of  symptoms 
should  be  avoided  "  wherever  the  names  of  diseases  or  of  causes  of 
symptoms  could  with  reasonable  certainty  be  substituted."  The  form, 
of  deatli  certificate  in  use  provides  for  the  insertion  of  a  primary  and 
secondary  cause  of  death;  these,  it  is  suggested,  should  be  entered 
"in  the  order  of  their  appearance,  and  not  in  the  presumed  order  ot 
their  importance."     In  classifying  the  death,  however,  only  one- 
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cause  can  be  selected.    In  making  this  selection  zymotic  disease. 

to  be  preferred  to  other  diseases,  specific  to  non-specific  and 
primary  to  secondary  diseases.  speciftc,  and 

In  1881  a  system   of  making   further  inquiries  in  doubtful 

"tsTb^l  I^egistrar-General';  particula" 

for  1895      ?auTv  . T  ^  Report 

A  .  :  ^  diagnosis,  the  desire    not  to  hurt  ih. 

ceptibilities  of  relatives  and  • 

U«e  mora  than  the  mo.  or  le.  tr  ttl'  -leToT! 

of  more  or  less  skilful  „bser>-ers  exeeJL  <-T        n      *  '"""^ 

of « 1.  .M„h  ,«se  gu.se/krrow  /r'L^s^^^^^ 

po.st-mortem  examinations.    Statistics  of  causes  of  de^th  shouH 

~b;r^io;T^ars«r°"t"'' ■•-^^  - 

add  mat^ri^VTlhe^diSIi:  rTetr/tr"  °/ 
of  such  statistics  for  different  TeLs  of  » 

..corded  moLX%rl^:ai-X^^^^^^^^^^^ 

~;  'rZaedtor —r '"^-«o7i  ° : 

and  illiflneTluserandTl'''  "T"'™™'  ^Pl"  ™"M-"ed  fever, 
increase  in  the  Zrtam'  ^e  o^ed  2Z  ""."^ 
diseases,  and  puerperal  fiver     T      u  u   ■  T""-  '^"'^'<''<'  ""^'^^ 
»d  pre;entiv!  me^^lf  We  dtht  sXt  ^Ta"^^^^^^ 
I  are  presumably  mainly  accountnhla  f     X       \     ^  ^"^^^^^ 
'  »oar,et  fever,  c^arrhceaf  t~:ntelTe ^1t^^n^"T' 
that  m  measles  and  ,vhooping.cough,  disease,  Tn  wh  t  """''""■"'y 
measures  have  not  as  vet  been  ,^rlZ  T    T  Preventive 
mortality  continues  to'^e  l"  h    To^t' Hun"^''  T 
"The  matenals  with  which       Farfh     l  :!^ZXm 
ago  were  defective  enough  to  have  di,cm,.     I  ,       ^  "'^  5"""''' 
■ndefatigable  statistician^  b  t  th  e  t  r  twe  fro"  T*""' 
to  improve  the  quality  of  hi,  materinjlM      n        "  '""^  '° 

value  of  the  reiuitsiobirr  ,rtr'°f"^*'^^ 

^'f  his  service  Tr,  ,     i   x       .  ^  ^'^^  early  years 

...e  imperTect  material   aid  vef:    ''"  f  ^'""^"'^  '™™  '» 

fallacious  resultl"       '  '°  PO^-iW^.  against 
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In  tlie  accompanying  table  the  annual  deatli-rates  from  tin- 
principal  zymotic  diseases  and  the  infant  mortality,  in  England  and 
Wales,  during  a  series  of  years  are  given  :— 


■Annual  mortality  per  million  persons  living  from  the 
principal  zymotic  diKcases. 
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Tl^f^'fljf 'S""  ^""^  Mortality.-In  the  Supplements  to  the 
Thxrty-fifth   Porty-fifth,  and  Fifty-fifth  Annual   Reports  of  e 

of  18G1-70,  187 

U^.Ie,  and  Tathain  respectively.     In  each  instance  attention  h. 
^ZT::^^t'''f  ^^^^  -^e!  ^ 

excited  0^^ang  to  the  fact  that  in  different  occupations  tliere 
are  ^reat  valuations  in  age-distribution,  witliin  the  a^e  Km  s  25  o 
6.>,  tlie  plan  has  been  devised  of  calculating  the  deX^''^ 

rOOO  dLll  t    n        '  P«P"l-tion  generally,  among  whom 

1,000  deaths  would  occur  annually.    Tatham,  takin^  tJie  1891  cen 
sus,  and  the  deaths  of  the  years  ISQO  Q9  \     tne  ibJl  cen- 

occupation  in  qu  st         ^  <^^^'ra  ^.e  ..ort^lU^  fo.  the 

1  onn  •   f  4uesuon.    i^oi   all  males  the  figure  is,  of  coui'se 

1,000     for  males  m   selected  healthy  districts  it   i  679  f 
occupied  males,  953;  for  unoccupied  males,  2  215  ' 

orctr"o7  th!-"'  ^'^^"P^^*^"^^'^  -ay  be  mentioned  in  tiie 

Sam  on  thVfo?"''''^^"  ^   -l-lated  ^ 

x.unam  on  the  four  age-groups  already  specified  Clprc^., 
pnest,  mmister  stands  first  on  the  list  ^53^^  /1  ^^^j^f 

.^?ardener,  nurseryman,  seedsman  V  ^^^^^'^^P'^"'  ~ 

labourer  etr    L      ^    ,7  ^^^^oo^^iiaster,  teacher  (604)  • 

uwjourer,  etc.,  m  agricultural  distrip+«  .  i      -x  ' 

(821):  shopkeener /8nq\  .       1     ,  (^^6);  barrister,  soHcitor 

Lnter  n  Sofi^  )     1^  ^  practitioner  (966)  ;  tailor  (989)- 

printer  (1,096);  plumber,  painter,  glazier  (1         ■  i,.  i 
liotel-servant    (1,659)-    notter     '  ^  "^"keeper,  mn, 

(1,706);  and  m;a;r  (mi')  -a-facturer 

causes  of  death,  and  the  rtt  1   ^If         "  ^T'      ''''''  «P--I 
into  this  matte;  by  T^lZ  ^et  in  ^  «   "^^"^^^  ^'^^"""^^ 

Hfth  A,„,,,  ,,4,,,  thrHe;^t'^L^^^^^^^^^^^^ 

relating  to  100  seleotpd  nnn,,^  +■      1         general.      I  he  statistics 
of  the  Tatter  Sup;wi%r^^^^^^ 

of  alcoholic  excess,  in  the  case  of  dTff!      chronic  lead-poisoning  and 
considered,  and  the  factr^  iUed  1 1^ '""r""'^' ""^ 
which  dust-laden  air  is  breat    d   '  ^^^^^  occupations  in 

nreatiied,  are  exhaustively  analysed.  Tlio 
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mortality  figure  of  the  agriculturist  from  phthisis  and  diseases  of 
the  respiratory  system  being  taken  at  100,  it  may  be  stated,  quoting 
some  of  the  examples  given,  that  the  corresponding  figures  for  coal- 
miner  and  corn-miller  are  166,  and  for  baker  or  confectioner,  and 
for  blacksmith  177  ;  the  tinworker  stands  at  204,  the  lead  worker 
at  247,  the  stone  quarrier  at  261,  the  lead-miner  at  319,  the  file- 
maker  'at  373,  the  tin-miner  at  400,  the  cutler  or  scissors  maker  at 
407,  and  the  potter  or  earthenware  manufacturer  at  453. 

The  sources  of  error  in  statistics  of  occupation  are  many.  To 
begin  with,  the  way  in  which  occupations  are  described  in  the  census 
depends,  as  already  noted,  largely  on  the  intelligence  of  the  house- 
holders who  make  the  returns;  again,  particulars  regarding  occupa- 
tion in  death-certificates  are  often  very  vague.    Another  point  to 
be  borne  in  mind  is  that  masters  and  workmen,  distributors  and 
producers,  were  not  distinguished  till  1891,  and  in  the  census  of 
that  year  the  attempt  made  to  direct  the  attention  of  householders 
to  this  question  does  not  appear  to  have  been  completely  successful. 
Further,  as  Ogle  pointed  out,  some  trades  require  great  strength, 
^nd  must  be  abandoned  by  persons  in  failing  health,  who  are 
transferred  to,  and  swell,  the  mortality  in  other  occupations.  Finally, 
some  trades  can  never  be  taken  up  at  all  by  weakly  persons,  and 
thus  consist  from  the  outset  of  picked  men  upon  whom  any  ill 
effects,  produced  by  the  occupation,  are  likely  to  be  less  marked  tiian 
they  would  be  on  the  average  individual. 

Sickness  Rates. -The  attempt  to  obtain  records  of  sickness 
of  all  kinds,  attended  at  the  public  expense,  was  inaugurated  in 
1857   by  the   Metropolitan  Association   of   Medical  Officers  ot 
Health.    A  similar  attempt  was  made  in  1860  in  Manchester  and 
Salford     These  attempts  did  much  to   pave  the  way  for  tlie 
notification  of  infectious  diseases  (See  p.  534).    Notification  returns 
relating  to  scheduled  infectious  diseases  have  now  been  available, 
throughout  the  greater  part  of  the  countiy,  for  more  than  ten  years 
(in  a  few  towns  for  a  longer  period),  and  the  use  which  has  bee 
made,  for  example,  of  those  of  London  by  ^l-ley  Murphy  ha^^^^^^^^^^^ 
already  more  than  once  referred  to.  There  are,  apart  from  the  stat  tics 
of  infectious  diseases,  certain  records  of  friendly  societies,  which  sho  , 
inter  alia,  the  average  number  of  days  of  sickness  per  annum  m 
the  case  ^f  members  of  various  ages.    This  number  is  ^onnd^  .^ry 
from  some  six  or  seven  days  at  ages  20-30,  up  to  some  thirtj  to 
fifty  days  at  ages  60-70.    There  are,  further,-  sickness  statistics 
Sable  relating  to  the  army,  navy,  police,  etc. 
the  passing  of  the  Factory  and  Workshop  Act,  1895,  returns 
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particular  kinds  of  sickness  in  certain  industries  have  been  made 
Further  development  of  the  notification  of  sickness  was  advocated 
by  Newshohne  in  a  paper  which  appeared  in  the  Journal  of  the 
StatM  Society  for-  1896.  In  recent  annual  reports  of  the 
Medical  Ofhcer  of  the  Local  Government  Board  the  notification 
returns  of  large  towns  have  been  tabulated,  and  the  quarterly 
returns  of  the  Registrar-General  now  contain  tables  dealing  with 
the  same  material,  and  in  the  weekly  returns  the  London  notifi- 
cation figures  are  placed  upon  record. 

Evidence  of  the  Health  of  Communities  is  afforded  by 

applying  various  tests.    The  general  death-rate,  if  it  be  based  on 
sutticiently  large  figures  and  be  corrected  for  institution  deaths,  and 
for  age  and  sex  distribution,  is  fairly  reliable.    The  zymotic  death- 
rate,  to  which  importance  is  often  attached,  is  apt  to  mislead, 
home  of  the  zymotic  diseases,  considered  individually,  stand  in 
much  closer  relation  to  what  are  generally  regarded  as  insanitary 
conditions  than  others ;  the  tendency  of  most  of  them  to  occur  in 
epidemics,  makes  a  zymotic  death-rate,  unless  the  period  of  time 
under  review  is  a  long  one,  unreliable.     Infantile  mortality  is 
largely   influenced   by  epidemic   enteritis,   whooping-cough,  and 
meas  es.      The  phthisis  death-rate  and   the  death-r'ate  l-om  re 
spiratory  diseases  are  sometimes  appealed  to.    They  are  certainly 
more  reliable  than  the  zymotic  death-rate.    For  precise  purposes 
however,  a  more  exact  guide  to  health  conditions  is  needed,  and,  in' 
connection  particularly  .vith  life  assurance,  a  method  of  measuring 

b^thrLffe  i^^^^^^^^  """^  ^^^'^ 

Life  Tables.-If  a  million  children  be  supposed  to  be  all  born  at 
the  same  point  of  time,  and  to  be  followed  through  life,  it  is  possible 
to  predict  the  number  of  the  survivors  as  successive  ages  are 
reached,  assuming  the  children  to  be  exposed  to  such  risk  of  clying  as 
obtains,  from  one  age-period  to  another,  in  a  particular  community 
As  the  ages  of  the  children  advance  beyond  a  certain  limit.the  chance" 
of  contmued  survival  undergoes  diminution;  tliis  probability  of  fui' 
ther  survival  can  be  determined  for  each  age.  Further  the  total 
number  of  years  of  life  to  be  lived  by  persoiis  at  a  part  'ul     a^e  : 

bv  thT     H  ''^^         --ber  be  divided 

by  the  number  of  persons  surviving  at  the  age  what  is  called 
the  mean  after-lifetime  of  these  persons  is  obtain'ed.    Ti  rmean 

f  tb  f  "T^''"^      '''''  '^^'^  b^  -  the  foiTo 

a  table   together  with  other  particulars  already  referred  to  the 
figures  being  given  for  each  age.    Such  a  table  is'called  a  lif  Ibt 
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A  typical  life  table  contains  the  following  columns : — 

(i)  A  column  indicating  the  ages  dealt  with.  Usually,  annual 
periods  are  taken;  sometimes  the  first  five  years  of  life  are  sepa- 
rately  set  out,  and  for  the  later  years  only  every  fifth  oi-  tenth 
year  of  age  is  shown. 

(ii)  An  vir  column  (sometimes  indicated  as  the  D  column  jr 
Jf,  column).  This  column  gives  the  annual  mortality  per  una  of 
population  at  the  centi-e  of  each  year,  or,  as  it  is  sometimes  termed, 
the  central  death-rate  of  the  year.  Thus,  is  the  centi-al  death- 
rate  of  the  year  beginning  on  the  completion  of  .c  years  of  age,  and 
niio  is  the  rate  of  mortality  per  unit  of  population  at  the  centre  of 
the  year  beginning  on  completion  of  10  years  of  age,  or,  in  the  case 
of  a  million  children,  all  born  at  the  same  time,  the  death-rate  at 
10 J  years  of  age. 

(iii)  A  column.  This  column  gives  the  probability  of  living 
one  year  from  the  age  ./,'. 

(iv)  An  column,  which  shows  the  number  of  children  who  may 
be  expected  to  survive  at  the  precise  age 

(v)  A  P.,  column,  which  shows  the  mean  population  in  each  year 
of  age.    Thus  1^,  =  -^^^^--'  ,  and  Ao  = 

(vi)  A  column,  which  shows  the  years  of  life  lived  at  age  .n 
and  upwards.  The  number  corresponding  to  any  age  in  this 
column,  is  the  sum  of  all  the  numbers  in  the  column  of  an 
extended  table  from  that  age  to  the  end  of  the  table. 

(vii)  An  E,  (or  e,)  column,  which  shows  for  each  age  the  value  of 
Q,  The  total  number  of  years  lived  at  agejf^nd^upwards. 
y"'  ''•^•j  Niimber  of  survivors  at  age  x. 

This  value,       represents  the  mean  after-lifetime,  or  expectation  of 

life,  at  each  age  .t. 

Tlie  number  {Q„  or  SP,)  of  years  lived  at  age  .r  and  upwards, 
it  should  be  noted,  may  be  also  calculated  from  the  figures  given  m 
the  I  column ;  for  the  total  number  of  years  lived  includes  tlie 
sum  of  the  complete  years  lived  at  each  age  r  +  1,  .r  +  2,  etc.,  to  the 
last  age  in  the  table  (2?.  together  ^sith  the  sum  of  the  portions  of 
lifetime  lived  by  each  person  in  the  year  of  his  death.    It  may 


*  Another  formula  is  usually  employeci  to  calculate  i'„  owiug  to  the  large 
error  introduced  by  the  assumptio.i  of  an  equal  distribution  of  the  deaths 
occurring  between  ages  0  and  1,  viz.:—  ,  ,  . 

P,  =  i  deaths  aged  0-1  -|-  S  deaths  aged  6-12  months  +  h  . 
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be  .turned  that  the  duratio,,  of  life  in  the  year  of  death  i».  on  a,> 
-  emge,  half  a  year.    Henee  to  the  e.pre«ion  ^'  - '  the  "  curtate 

obwrthe"  °'       ','     "  '°  »         i»  order  to 

obt»,„  the  "eomplete  ...xpectatio,,  of  life."    To  LtiL^nM  the'e 

e.xpre.„ions  .,o„,ti„,,  ,„i,,^,^  ^  _  ^^^^^^^^^^  ^^^^^^^ 


St3 


bo 


(1 
5 

1(1 

15 
20 
25 
35 
45 
55 
B5 
75 
85 
95 
105 


i  0-18326 
'  0-01369 
0-00563 
0-00519 
0-00832 
0-00920 
0-01105 
0-01554 
0-02485 
0-04698 
0-10391 
0-21966 
0-42035 


O  g  o 

'^-^ 
o 

-.So 


0-83212 

0-98640 

0-99438 

0-99482 

0-99171 

0-99084 

0-98901 

0-98458 

0-97644 

0-95410 

0-90122 

0-8020S 

0-65265 


O  ~ 

^  -C  tr,  ■ 


511.745 
370.358 
353.031 
344.290 
333,608 
319,442 
288.85(1 
253.708 
209.539 
150,,  54 
75,777 
16.877 
833 
4  j 


o  ■= 


a." 

Oh   =i  ^ 

0)  Oi 

a  ay 


456.820 
367,672 
352.007 
343.415 
332,231 
317.892 
287,229 
251.763 
206,984 
147.315 
72.012 
15.151 
678 
3 


I-.  6c— 


2' 


20.426.1.S8 
18,410.252 
16,608,9.'{() 
1  J. 866.42!) 
13,169,656 
11,536.677 
8,492,601 
5,774,489 
3,447.708 
1.631,508 
491,685 
63.030 
1 .806 


cj  7- 


ft 


-  §  c 
a;  -'^ 


39-91 
49-71 
47-01 
43-1 S 
39-48 
36-12 
29-40 
22-76 
16-45 
10-82 
6-49 
3-73 
2-17 


million  children   and  T'tJ    \?  ""T'  ™P»»«iWe  to  observe 

r.»titute  Of  Actnari::'"H^  hIil  y^^  j  :;tb,f ^  f 

'nay  be  noted,  based  upon  the  vvmcL^.  Jf  ^^  .  P'"""*' 

'-Hvidual  lives,  in  thi!  case  nCed   ives   f  '  "  ''''''''' 

insurance  until  death      Th!  T  '  ^'''^  of  t^if'ir 

-.euiate  fro  J  ctt  dJt  ^itlrC^Jt'"''  /'""T-' 
.^p  of  age,,  and  U,  apply  to  th  e"  he  dettl  " 
occurred  at  those  a»es     R,.  fU-  '■''=''«led  as  having 

of  popuIaSnX  c^^LfLaTr'r  T 
tor  each  am-pcriod     Bv  „,  I  ■  ('"-).        be  determined 

-n  be  coMtSed  °'  '"""'^  '■""'»  'I-  table 
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Thus,  if  the  rate  for  any  age  be  expressed  per  1,000  and  calleU 
D  and  if  the  D  deatlis  be  assumed  to  be  evenly  distributed  over  the 
ate  period  so  that  half  occur  in  the  first  portion  of  the  period,  and 
STn  the  second  portion,  then  clearly  the  ratio  of  the  final  to  the 

initial population  =  ['^^^;  for  every  1,000  at  the  centre  of  the 
period,  must  represent  l,o6o  +  ^-  ^  at  the  commencement  of  the 
period  and  must  be  reduced  to  1,000-*  D  at  the  end  of  the  period. 

1,000-^2) 

i7^r;ooo+yz> 

^iL^^the  probability  of  surviving  one  year  =  ;j.. 


and 


Give;  the  values  of  D  (or  «,),  then,  lor  each  age-period  after  the 
first  (for  the  first  year  the  infant  mortahty  per  1,000  births  .s 
:;pM)  the  values  of  p.,  l„  P.,  Q.,  and  ^  can  be  -rked  out  «^ 
tZ  columns  of  the  life  table  filled  in.  J-  ''-"'P ^^W"* 
infant  morUlity  to  be  150  per  1,000  births,  ^"f^'J-^'^^ 
children  are  reduced  during  the  first  y«.r  of  l.fe    o  toO  OOa 
Suppose  now  the  death-rate  in  the  ^'"'""^^^^.f        ^  ^ 
per  1,000.    Applying  the  formula,  f-  =  YfiW  +  iB'  '* 
found  that  the  8B0,000  children  are  reduced  at  the  end  of  the 

second  year  to  808,536.  vears 
Similarly  the  survivors  at  the  end  of  the  third  e^-,  yea- 
can  be  determined.  After  the  first  five  years  (if  it  be  proposed  to 
pvoceed  further  by  quinquennial  periods,  adopting  what  -  kno-  a 
Lr's  short  method)  the  rate  for  the  whole  period  is  assumed 
to  hold  good  for  each  of  the  fiveyears^*^^^^  

after  the  age  fifteen  the  ehance  of  survival  -  g-^^^-^^^^/^  1^^^^^  dealing 
age.period.ancl.less  in  f^^^^^^J^-" 

with  the  age-periods  .5—10,  10-io,  lo    -  ,  ^^^^  ^,,e 

method  to  proceed  by  decennial  P«"°J'  ^o-So  etc.  A 

error  incidental  to  use  of  the  short  method  may  ^^^^^  ,,,, 

tation  of  life  at  85,  for  example,  was  found  by  ^-"^^f 

of  Brighton  (males)  to  be  2-  7  years  -  ^'^^^^^^^^^^^       I,         ,,as  5  years 

the  extended  life  table,  while  at  ^^^^Jf  ^^f ^^.^tended  method,  an 

on  the  short  method,  as  against  168  y'^^f       ,  '     .j^o^  g^.  HayNvard.  in 

excess  of  3-32  years.    By  a  modification  of  ^-^«jf^^^^^  to  approach  the 

constructing  a  life  table  for  Haydock,  %r^l^olmJ^^^^ 

true  values  of      with  remarkable  exactatude.   ^'^/^^^^^^^^  populations 

of  Vital  Statistics."  In  this  work  methods  of  ^^'^^'^^J'^^^l^,      error  in 

for  each  of  the  first  fiv.  years  of  life  are  given  '  this. 

census  returns  is  specially  great  at  ages  O-o,  and  for  p 

fact  requires  to  be  recognised  and  dealt  with.) 
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If  this  death-rate  be,  say,  7  per  1,000, 

■     -  \  1,000  +  .^ 

for        ^  3    ^0       ,  Z,„  ,     1>000  -  | 

h'  i:   i;  4'^'''^  7;  are  each  =  and  their  product 


1,000  +  1 


is  therefore  equal  to 


1,000— ^J- 
1,000+  ^ 


_  For  the  determination  of  the  values  of  D  (or  m,)  Farr  used,  in 
his  English  Life  Table  No.  1,  the  census  returns  of  1841  and  the 
deaths  of  the  same  year.  To  base  a  life  table  upon  the  deaths  of  a 
single  year  is,  hoAvever,  open  to  serious  objection,  and,  in  the  Englisli 
Lite  Table  No.  2,  Farr  employed  the  census  enumerations  of  1831 

.t  ^""^        ^^^^^^      ^^^^"^  (*^«  years  preceding 

I»41,  the  year  1841,  and  the  three  years  succeeding  1841)  The 

r«?i      i^/o  ^  '"^^  ^^^^'^  enumerations  of 

vlr.T«q«  "^'^^''^  registered  in  the  seventeen 

years  1838-54.  Ogle  constructed  an  EngHsh  Life  Table  on  the 
basis  of  the  figures  of  the  decennium  1871-80,  and  Tatham  utilised 
lor  tJie  like  purpose  the  figures  of  1881-90. 

Farr,  moreover,  constructed  a  Healthy  Districts  Life  Table  on 

dttricr  .  T  7"^"'^^  ^^'""^  ^''^-''^  sixty-three  selected 
districts,  and  Tatham  has  prepared  a  New  Healthy  Districts  Life 

ISSl-^gcT'     ''''  ^  P^P'^^^*^'^'^  '^"^^  mortality  returns  of 

In  constructing  an  Extended  Life  Table  tlie  number  of  lives  at 
nsk  during  the  years  dealt  with*  for  tlie  age  periods  0-5,  5-10,  10- 

populations.    P+PJI+  ....  +pei<^  or  ^'-'^^^-"'^'^U.e. 

■  •'  census  year 

,n,  .    ,        ,  Annual  increase  peT^it  ~ 
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15, 15—20,  20—25,  25—35,  35-45,  45—55,  55—65,65—75,75—85, 
85—95,  and  95  and  upwards,  and  the  number  of  deaths  at  tlie 
same  age-periods  having  been  ascertained,  it  is  necessary  to  obtain 
the  corresponding  numbers  for  individual  years  of  life.  This  is  done 
by  interpolating  the  figures  for  intervening  years  either  by  the 
method  of  "finite  differences,"  or  by  the  "graphic  method,"  whicli 
was  used  by  Newsholme  in  constructing  the  Brighton  Life  Table, 
and  which  is  described  by  him  in  his  "  Elements  of  Vital  Statistics." 

The  following  table  gives  the  expectation  of  life,  at  the  end  of 
each  five  years  of  life  up  to  75  and  for  a  final  period  up  to  85,  and 
for  each  sex,  in  England  and  Wales,  London,  Manchester,  Glasgow, 
and  Brighton,  based  on  the  figures  of  1881-90 :—   


Males. 


<a 

England  and 
Wales. 

London. 

0 

43-66 

40-66 

5 

52-75 

50-77 

10 

1  49-00 

47-22 

15 

'  44-47 

42-88 

20 

1  40-27 

38-70 

25 

'  36-28 

34-70 

30 

1  32  52 

31-80 

35 

28-91 

27-39 

40 

1  25-42 

,  25-22 

45 

!  22  06 

,  21-00 

50 

i  18-82 

1  18-75 

55 

\  15-74 

15-31 

60 

12-88 

13-00 

65 

'  10-31 

i  10-59 

TO 

i  8-04 

8-30 

75 

6-10 

7-20 

85  !  3-29 

1  5-50 

on 

o 

n 

o 

elie 

bo 

a: 

bii 

p 

5 

(5 

34-71  [ 

35-18 

43-59 

45-59  ' 

46-97 

52-87 

42-75 

44-32 

49-12 

38-78 

40-51 

44-67 

34-62 

36-90 

40-55 

30-69 

33-29 

36-51 

27-03 

29-60 

3267 

23-76 

26-06 

29-02 

20-68 

22-44 

25-60 

17-80 

19-54 

22-36 

15-06 

16-35 

19-33 

12-49 

13-99 

1  16-48 

10-16 

11-40 

:  13-67 

8-15 

9-38 

;  10-96 

6-48 

7-50 

8-69 

5-11 

6-25 

6-64 

3-16 

3-30 

3  33 

Females. 


c 


47-18 
54-92 
51-10 
46-55 
4242 
38-50 
34-76 
31-16 
27-60 
24-05 
20-56 
17-23 
14-10 
11-26 
8-77 
6-68 
3-71 


44-91 
54-42 
50-95 
46-65 
42-45 
38-34 
34-95 
30-69 
?6-80 
23-80 
20-65 
17-34 
14-50 
11-78 
9-00 
7-79 
5-70 


38-44 
48-06 
45-43 
41-50 
37-33 
33-38 
29-75 
26-30 
22-99 
19-79 
16-74 
13-91 
11-35 
9-11 
7  25 
5-76 
1  3-76 


o 

c 

"Si 

£ 

37-70 

49-00 

48-27 

56-92 

45-44 

53-15 

41-59 

49-07 

38  00 

44-76 

34-60 

40-43 

29-88 

36-39 

28-06 

32-48 

23-45 

28-71 

21-61 

25  07 

17-50 

21-79 

15-60 

18-43 

12-88 

15-26 

,  10-69 

12-19 

8-00 

9-32 

6-45 

6-97 

3-62 

3-72 

iu-c^^u^^^^Tf^^in^Sal^TTK^^  at  all  ages,  or  at  a  particular  age- 

group,  is  Il^Lz:^  X  10,  where  1\  is  the  immber  at  all  ages,  or  in  the  age- 
group,  enuilTjd  at  the  earlier  census,  aud  r  is  the 

A  difficulty  arises,  inasmuch  as  "the  number  ^^^-^'^^Vtrffrl  ^e  slm 
process  of  calculation  to  the  whole  l-P'^^-tiou-numbers  diffei  f  r^m  the  s  u^^ 

of  the  numbers  obtained  by  applying  the  same  process     l""^ '^^''^'^^  tl  o, 

separate  age  and  sex  groups"  (see  a  paper  "On  the  Construction  and  Use  of 

L  fe  Tables,"  by  T.  E.  Hayward,  the  Journal      /^^^^^^^''f'  ^° 

This  difficulty  has  been  met  by  Mr.  A.  C.  ^^aters  ^''^^d^^^^^^ 

■SW-f..,/,   vol.  ixiv.   part  ii.,  June    1901),  by  applying  t -  -uVup^nig 

factors,  m  and  n,  to  the  census  Populations     ^  J^^^^  population. 

populations  at  the  two  censuses,  Qm  Q,  +  w^.,)  gi^cs  tlie  nica  11 

? he  true  years  of  life  for  a  particular  age-group  are  taken  as         +  ^/^)  x  10, 

.i>e  e  P,  and  P.,  are  the  numbers  enumerated  at  corresponding  age-groups  m 

Tile  populations      and      and  the  sum  of  all  the  populations  at  particular 

age-groups  must  theu  clearly  be  QnQi+nQ-S)  x  10. 
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On  con,pari,son  of  English  Life  Tables  based  on  the  mortality  of 
earher,  Mutli  tables  based  on  that  of  later  years,  it  .viU  be  found 
liat  the  expectation  of  life  has  notably  increased  at  the  earlier  ages 
but  has  not  done  so  at  later  ages.    The  annexed  table  gives  the' 
survn-ors  at  each  age  based  on  the  1881-90  figures,  and  the  expecta- 
tuni^ofUfeas^obtamed  m  three  successive  English  Life  Tables  - 


Males. 


Females. 


Expectation  of  life. 


AKC.i 


0 
1 
2 
3 

5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
(55 
70 
75 
80 
85 
90 
95 
100 


>  "  —  o 


CO  S  ° 


1881  1871  ,  1838 
-yo.      -80.   I  -54. 


hOOO.OOO 
838.!)(j4 
790.891 
772.04(5 
7(50.167 
751,494 
733,477 
726,194 
712.555 
693,809 
669.279 
639,645 
604.923 
5641437 
517,(539 
462,981 
398,400 
.322,482 
238.632 
1.53.890 
80.023 
29,866 
6.786 
752 
30 


1  43-7 

!  41-4 

i  39-9 

[  51-0 

'  48-1 

I  46-7 

53-0 

{  .50-1 

48-8 

.53-3 

50-9 

49-6 

.53-2 

51-0 

,  49-8 

52-8 

1  50-9 

i  49-7 

49-0 

j  47-0 

47-1 

44-5 

43-4 

1  43-2 

40-3 

39-4 

1  39-5 

36-3 

35'7 

36-1 

32-5 

.32-1 

32-8 

28-9 

28-6 

29-4 

25-4 

25-3 

26-1 

22-1 

22-1 

22-8 

18-8 

18-9 

19-0 

15-7  j 

16-0  1 

16-5 

12-9  I 

13-1 

13-5 

10-3  i 

10-6  [ 

10-8 

8-0 

8-3  1 

8-0 

(5-1  ; 

6-3  ' 

6-5 

4-5  1 

4-8 

4-9 

3-3 

3-6  , 

3-7 

2-4 

2-7  ' 

2-8 

1-7 

2-0  i 

2-2 

1-2 

1-6  f 

1-7 

4^  -t--  O 

C3  3  O 

,  o  o 


1,000.000 
868.874 
823,072 
804,142 
791,973 
783.244 
766.151 
759.062 
744.321 
724,788 
700.049 
670.992 
638,912 
604,007 
564.299 
516!375 
457.682 
385.503 
299.220 
204,208 
114,.-)36 
48.1.33 
13.418 
2,124 
157 


Exijectatiou  of  life. 


1881 

1871 

1 000 

-HO. 

- 

-80. 

O-t. 

4  7-9 

4-i  () 

41-9 

i)U  1 

47-3 

49-4 

55'5 

.53-0 

50-2 

•TO  ,i 

53  2 

50-4 

54-9 

53-1 

60-3 

5M 

49-8 

47-7 

46-6 

45-6 

43-9 

42-4 

41-7 

40-3 

38-5 

38-0 

37-0 

34-8 

34-4 

33-8 

31-2 

30-9 

30-6 

27-6 

27'5 

27-3 

24-1 

24-1 

24-1 

20-6 

20-7 

20-8 

17-2 

17-3 

17-4 

14-1 

14-2 

14-3 

11-3 

11-4 

11-5 

8-8 

9-0 

9-0 

6-7 

6-9 

6-9 

5-0 

5-2 

5-3 

3-7 

3-9 

4-0 

2-8 

2-9 

3-0 

2-1 

2-2 

2-3 

1-5 

1-6 

1*3 

the  1H71  «n  f  1.1  expectations  of  life  on 

the  1871-80  table,  as  compared  ^^dth  those  on  the  earliest  tablp 
ior  males,  increased  at  ages  below  20  but  din,,",  t  T  !  ,  ' 
and  for  t'emales  they  are^ncreld  at  .^^^^^  "^T' 

b^    ^^"'^-"^^  the\;;::;trtioro?iif: 

l«»l-90  table  with  those  on  the  187)  «n  ',  , 

that,  for  both  „,ale,  and  female,  thev  .t  '        '  '  ^ 
of  a«„,  but  ,o„,ewhat  dinu    h  U^^^^^^^    -creased  up  to  40  yea™ 
<l.e  number  of  survivors,  it  n^  be"  li  f  • 
»ftertheenc,ofthe«rst;earun(i,:;eTth:1;\";;:rt,r^^^ 
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larsor  number  of  survivors  than  in  shown  by  either  the  1838-54  or 
the  1871-80  tables;  from  age.84  onwards  the  survivors  are,  how- 
ever fewer  by  the  new  table  than  by  either  of  the  others  As 
Tat  ham  points  out :  "  This  change  is  probably  due  m  part  at  eas 
to  more  accurate  statement  of  age  in  recent  than  m  earher  years 
As  r  Irds  females,  just  as  in  the  case  of  males  the  number  of 
^rvlws  at  extreme  4es  diminishes  more  rapidly  by  the  new  table 

than  by  either  of  the  old  ones.  i«7i  SO 

It  may  be  here  noted  that  the  death-rates  recorded  jn  1871-80 
compared  with  those  of  1861-70,  speaking  generally,  fell  for  the 
elrlLTlge-periods,  while  they  rose  for  the  later  penods  of  hfe. 
Tht  facf  excited  much  comment  when  the  rates  were  first  pubhshed 
and  it  was  even  suggested  that,  as  there  was  but  httle  evidence  of 
de  li  l  of  the  defth-rate  at  working  ages,  the  e  com- 

lun'y,  on  the  whole,  was  but  small.  On  the  other  hand,  it  may 
r  urged  that  a  larger  proportion  of  those  born  survived  under 

the^iw  conditions  to  working  ages.  ^^^^  ^^.^7^^%^^'^^^,  ^ 
vanced  to  explain  the  increased  death-rates  at  the  higher  ages.  Thus 
Ihev  were  sa^  to  be  due  to  survival  of  weakly  children,  who  had 
etlp  d  be  ^g^-^^^^^  off,  as  they  formerly  would  have  been,  by 
Tymotic  disefse;  or  to  survival  of  persons  who  ^^rt 
would  have  died  from  tuberculosis  in  one  or  other  of  its  ^orms  or 
lb.  the  raised  rates  were  ascribed  to  the  "increased  strain  and 

Tthlr  Ufe  were  spent  under  more  unhygienic  concht.oM  than  those 
of  their  lite  were  p  j^,^ 

now  holding  good  ^Lf"' it  "lid  go  far  towards  explaining 
increased  On  the  whole,  Newsholme  wa, 

enable  their  full  force  and  vaUie  to  be  «nnined 
This  conclusion  is  conSrnied.  a»  he  ..ote«  » 
.  ^-  i.-  1S«1  QO  with  those  of    lo71-oU,  inasmu^n 

statistics  of  1881- JU  witn  compared 
decline  in  the  death-rates,  which,  when  the  eigl  ^ 

r^-aS:^te^s:^Kerl:':qs^ 
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ever,  tliat  while  the  death-rates  at  nearly  every  period  in  both 
sexes  are  lower  in  1881-90  than  in  1871-80,  the  expectations  of 
lite  at  the  higher  ages,  on  the  1881-90  table,  are  lower  than 
tJiose  on  the  1871-80  table.     "The  key  to  the  anomaly,"  he 
«ays,  "IS  found  in  the  fact  that  the  expectation  of  life,  at  any 
given  age,  takes  into  account  the  total  number  of  survivors  from 
all  lower  ages,  and  these  were  more  numerous,  out  of  a  given 
number  at  birth,  according  to  the  experience  of  1881-90  than 
according  to  that  of  1871-80."    There  needs  also  to  be  borne 
in   mmd,  in  this  connection,   Tatham's   caution  with  re-ard  to 
extreme  ages;  there  can  be  no  doubt  that,  with  increasing  accuracy 
as  regards  statement  of  age,  the  new  table  records  the  facts  as  to 
survivors  at  the  extreme  ages  much  more  precisely  than  did  the 
older  ones;    the  result  of   this  increased    precision,  doubtless 
materially  influences  the  expectation  of  life  at  higher  ages. 

Life  Oapital.-The  aggregate  future  lifetime  of  an  existing  popu- 
lation he  numbers  of  which,  in  groups  of  ages,  are  known  at  a 
particular  time,  can  be  estimated  by  applying  to  it  the  life  table 

the'Sfe  Can^TT^'  '""'■'^^       '^^^  '^'^^^  Tatham 

the  Life  Capital  of  the  community.     The  future  lifetime  of  P,. 

persons  Hving  between  the  ages  x  and  x  +  1  is  Q,.  _  ^  (^1:  ^ 


2  -''^ 


mean  expectation  of  life  of  each  being  ^  ^  i),         .^e  future 
lifetime  of  2       persons  is  2       -  ^  sV       Th^  ■ 
brought  »bout  in  health  condition,  in  :  Im^^Jty  ^TZ^ZT 
l«d  death-rates,  and  by  inaproved  axpectat^Hfe    *  '  ll 
.ta  expressed  in  terms  of  gain  of  Life  Capital.   It  is  elelr  Irl 


Life  Capital  , 

IP^laTi^  =       ^"^''^^^       «^Pitai.  or  future  lifetime,  of 

each  member  of  the  population, 
and  that —  ' 

Proportion  per  cent,  of  life  capital  expended  in  a  year 
^  Years  of  life  expendedjn  a  yp^.,-  x  100 
Life  capital 
^  Mean  population  x  100 
Life  capital. 

need,  to  be  bornHn"      d.^'k" Xr.r"  °' 
«»»  "/H/e,  ha,  already  been  defined  'TJlf"-''^''"-'- 
«'  U  identical  lith  the  Zt  atr-iiSerr Titf 
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expectation  of  life;  the  "  mean  duration  of  life"  for  any  later  age, 
if  the  term  is  used  at  all,  would  signify  the  age  in  question  plus  tlie 
mean  after-lifetime  at  that  age. 

The  -p'ohahle  duration  of  life/'  is  tlie  age  at  which,  as  ascertained 
from  a  life  table,  exactly  half  any  given  number  of  children  born 
will  have  died.  The  table  on  p.  493  shows  that  the  probable  duration 
of  life  for  males  (on  1881-90  figures)  is  51-52,  and  for  females 
r-,6-57  years  The  mean  duration  of  life  differs  from  the  probable 
duration  of  life,  as  Whitelegge  points  out,  "just  as  the  arithmetical 
mean  of  a  list  of  numbers  differs  from  the  middle  value  of  the 
series.  The  fact  that  one  term  has  as  many  terms  above  as  below  it 
do3s  not  render  it  the  mean  of  the  series." 

The  ''mean  age  at  death"  is  obtained  by  dividing  the  sum  ot 
the  acres  at  death  by  the  number  of  deaths;  it  is  a  very  rougli 
test  oi  length  of  life,  and  its  use  is  a  fruitful  source  of  miscon- 
ception.    It  depends  largely  upon  age- distribution,  and  is  much 
affected  by  the  birth-rate.     Thus,  in  comparing  one  nation  wntli 
^xnother,  the  mean  age  at  death  is  a  very  unsafe  test  of  relative 
healthiness     The  fallacies  attendant  upon  the  use  of  the  mean  age 
at  death  are  most  apparent  when  particular  groups  of  population, 
such  as  those  following  certain  professions,  etc.,  are  dealt  with 
Thus   as  Farr  remarked:   "It  has  been  somewhere  stated  that 
the  mean  age  at  death  of  dressmakers  is  exceedingly  low,  and  this 
has  been  adduced  as  a  proof  of  the  destructive  nature  of  then- 
employment.     If  the  inquiries  had  been  extended  to  boarding- 
,.chools,  or  to  the  boys  at  Christ's^  Hospital,  the  mean  age  at  deatli 
would  have  been  found  still  lower." 

Acain,  in  the  same  connection,  Farr  wrote:  "If  it  were  found, 
^^on  an  inquiry  into  the  health  of  the  officers  of  the  Army 
X)n  full  pay,  that  the  mean  age  at  death  of   cornets,  ensigns, 
and  second  lieutenants  was  22  years;  of  lieutenants,  29  years; 
of  captains,  37  years;  of  majors,  44  years;  of  lieutenant-colonels 
48  years;   of  general  officers,  ages  still  further  advanced;  and 
that  the  ages  of  curates,  rectors,  and  bishops ;  of  _  barristers  o 
seven  years'  standing,  leading  counsel,  and  venerable  Judges  differed 
to  an  equal  or  greater  extent,  a  strong  case  may  no  doubt  be  made 
out  on  b3half  of  those  young  but  early  dying  cornets,  curates,  and 
iuvenile  barristers  whose  mean  age  at  death  was  under  30.  It  would 
be  almost  necessary  to  make  them  generals,  bishops,  and  judges-tor 
the  sake  of  their  health."  ^ 
The  nuviber  livh^g  out  of  which  one  dies  annucdly  is  sometimes 
referred  to  in  connection  with  tests  of  longevity^  ^^'Vlunt^ 
population,  unaffected  by  migration,  and  in  winch  the  bir  hs  count  ^ 
Llance  the  deaths,  the  number  living  out  of   winch  one  dn> 
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annually  is  equal  to  the  mean  age  at  death,  and  to  the  expectation 
of  life  at  birth.    Thus  Favr,  writing  in  the  Fifth  Annual  Report 
says  :  "  The  duration  of  life  in  England  is  41  years ;  if  the  population 
^vere  statio,mry,  the  mean  age  of  those  who  died  would  be  41  years  • 
and  1  m  41  would  die  every  year.    The  population  has,  however' 
increased  1-41  per  cent,  annually  during  the  last  40  years,  and  we 
hnd  that  the  mean  age  of  the  persons  who  died  in  the  year  1841 
instead  of  being  41,  is  29  years ;  while  1  in  46  of  the  population  died."' 
A  Me  table  represents  a  stationary  population  maintained  by 
lo  births  annually,  in  which  at  every  age,  as  deaths  occur,  and  the 
survivors  pass  on  to  the  next  year  of  life,  the  vacant  places  may 
be  assumed  to  be  taken  by  a  number  equal  to  that  of  tie  previous 
occupants  of  the  same  age. 

..^''.r'tV'^''*^?'  P^P^l^^i'^"     ^^11  be  found  that  the  number 
out  of  which  one  dies  annually,  and  the  expectation  of  life,  are 
Identical  at  birth  or  any  subsequent  age.    For  the  number  living  I 
aU  ages  above  a;  is       -f-  P    ,  -)_  p      +  .      n  a 

the  deaths  occurring  in  oneVear  in  'thL  population  a^'t'-  7 '  . 

he'  fr,"  f"k  ^----P      .  -  onfand  i  nee 

the  to  al  deaths  m  the  year,  by  addition,  amount  to  I  ,  as  all  the 

entire  population  Imng  above  the  age  x,  be  divided  bv  ;  tZ 
number  of  deaths  occurring  in  that  population  in  'one  yea;'  h 
number  ou^  of  .hich   one  dies  annually  is  obtained;  Tut  the 
expression  ^  also  gives  the  expectation  of  life.    Thus,  the  number 
out  of  which  one  dies  annually  and  the  expectation  of  life  are 
identical  for  age  .r— i.e.,  for  any  age 

con"de?ed'thr"""^  shown  that  in  such  a  population  as  that  just 
considered  the  mean  age  at  death  is  identical  with  the  mean  exnec 
ation  of  life.     Thus,  total  ages  of  those  dying  in  eaTyear  o, 
itrge"™""         "'  '^"^  year^'uItiplied'byThel' 

AnJtolf;umb;;'ofdtaSr    ^"  ''""^ 

melnifatlleat-h''-  "  ^"  Hence 

total  number  of  deaths  "~      %  /; "  ,  t — ^' 

lo  —  ~  —J  

+  +  h  +  

,  .  ir  +^ 

—  expectation  of  life  at  birth. 

32 


at  birth. 
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populZn  the  following  represent  identical  quant^t.es 
Mean  age  at  death  of  persons  at  all  ages 
Sum  of  ages  at  death 
~  Total  number  of  deaths 

Number  of  population 
~  Number  of  deaths  in  one  year 
=  Mean  duration  of  life 
or  Mean  expectation  of  life 
or  Mean  after-lifetime 

BriBtowe  obtained  a  £or..ula,  which  i,  --"^^^^.tedThe 

deaths  (the  ratio  of  ^''l^J''''''^  ^„  emigration  or  immigration 
uniform  from  year  to  ^r^'^^J^'^trindi^idual  bom  is  supposed 

is  supposed  to  occur,  and  m  wnicn  B\*iiy 

to  die  on  attaining  the  mean  age.  .-^prease 
If  ,  be  the  birth  rate,  .  ^nlt'tf  ^plt" 

(,  (1  +  r)  "  - ',  and  the  deaths  d  (1  +   )      ■  '  "f,       _  j 

is,  i^the  value  of  «  -  1  be  found,  whrch  makes  cj  (1  +  . ) 
thlt  value  of  «  -  1  will  be  the  mean  age  at  death, 

,,,  („  _  1)  log  (1  + .)  =  log "  -  ;^;g^_^^ 

and  mean  age  at  death  _  \j^^Jjr+^' 
The  formula  is  based  on  a  purely  hypothetical  case,  but  it  is  of 
7    T   «  +hrnwin-  li-ht  on  the  extent  to  which  the  birth-rate  as 
interest  as  thio^\ing  iioXii,  uxi  popula- 
well  as  the  death-rate  influences  the  mean  age  at  death  m    p  p 
+inn  which  is  not  stationary. 

'yet  another  tost  of  longevity  has  been  P™P°;^;~  fp:.! 

tion  at  the  censuh  uy  insanitary  towns  the 

found,  however,  to  be  a  very  unsafe  one.  In  ^-^f  ^^^^^  ^^,„g. 
mortality  may,  as  Newsholme  says,     spena  i 

ratine  circum- 

age  of  the  dying.  _  rp«,,Us  for  ages- 
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Hiclered,  '  quantities  («,  J,         be  eon- 

tlie  arithmetic  mean  a  +  b  +  c^d 
or  simple  average  =   ^ 

the  geometric  mean  ~  ^a'fcJ 

the  harmonic  mean  —  ^ 

the  quadratic  mean  -  ^  ^f+}^+c^+^ 

arithmetic,  the  geomet  ic  tnd'  th/t  "  ^^^^ 

order  named,    xle  aritWt ^T^^^^^ 

use  of  tiie  geometric  mean  has  aW; \ IVuT^^^^ 

mth  the  estimation  of  populations  *  ^""strated  m  connection 

In  Buokan  and  Mitchells  Method  (referred  tn       P^.    .  r.. 
connection  with  seasonal   fluctuation?nf   1  x 
expressed  as  a  percentage  of  ^^1"  .     .      "''^  ^« 
and  a  line  is  plotted  "'^"^"'^^  of  tl^e  series, 

deficiency  below  the  mean  ThTme\I  r""'^^'  ^^^"^ 
uniformity  of  scale  in  comparin/om  "^"^^"^^^t'  a«  it  secures 

or  unlike  quantities.  U^^^^^^^^'^TtT'^^^^^ 
precise  ideas  as  regards  th    utili  v  f  1''  «^  forming 

thelabour  of  marking  out  a  Te  1  7of  V'^  "-dertakt 
first  on  the  ordinary'  system  "  d  1  ^"^^^  P^P^r, 

great  irregularity.    Por  each  fl  '^"'^"^^^^  avoid 

terms  is  suhstituLl.  Th^inr,  otaT^ri  T^^-^^"^ 
terms  «±A±f    ^  +  c  +  '      ^'  ^he 

^       '         3      '  etc.,  are  graphically  represented. 

*  An  interesting  discussion  «  r»n       ^  - — 
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+^         <^vtpnt,  to  which  reliance  can  1>e 
Oiipstion  may  arise  as  to  the  exteni;  1,0 

i^uesuoii  iiio.y  general  law  of  error  can  be 

follows  (Jevons):— 

1   Draw  the  mean  of  all  the  observed  results. 

2".  rind  the  excess  or  defect,  that  is,  the  error  of  each  result  from 

the  mean. 

3  Square  each  of  these  reputed  errors. 

4.  Add  together  all  these  squares  of  the  errors. 

5  Take  the  square  root  of  this  sum. 

6.  Divide  the  square  root  by  the  uumber  of  results. 

7  Multiply  the  quotient  by  -67449  (or  approximately  674  or 
evin  natural  constant  number  derived  from  the        of  erro 

n  maLr  ^-hieh  is  described  in  mathematical  works  upon  the 

™Thus   to  quote  an  example  given  by  Bansome    taking  four 

Jkr;de:t.^rates  (32,  29,  20,  and  18>. -^^Pf '-^^^^^ tTe t  s, 
tbe  "probable  error"  works  out  at  about  3  01.    Thus  J  he  s  y 
..  the  probability  is  one-half,  or  the  odds        ^^"f  A''^' 
.eaJate(them^b«He^^^^^^^^^^ 

— ;;;tlSy.Ialeula«^^^^^^ 

-the  above  example  may  serve  to  show  tlie  unz 

iurther  ana  diminishes  as  the  square  root  - 

foil  ctS  in  order  to  obtain  a  result  twice  as  accurate,  four  txm- 
Ihe  number  of  facts  must  be  brought  together 

WhaTis  known  as  Poisson's  fornuda  is  sometimes  used  to  detci 
the  sufficTJncy  of  a  particular  set  of  statistical  data  to  be., 
mine  the  sutiiciency  01  d  p  Thus  if  there  are  a  observatlor-. 

having  rates  calculated  upon  them.  -L^^S'  ^  ^^^^^'^     J*  J  ^,„, 

cases  01  enteric  levei,  oateeorvtoth 
rule  is  to  the  effect  that  the  true  proportion  of  the  m  category 

total  /X  lies  between  

-  and    ^  ^ 

or.  that  the  possible  error  of  excess  or  defect  amounts  to  2  |/  | 
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In  the  case  of  the  15  per  cent,  case-mortality  from  enteric  fever, 
therefore,  the  possible  error  of  excess  or  defect  =  2  i  /^"xl  5^85 
=  lU  per  cent,  nearly. 

The  range  of  possible  values  is,  therefore,  from  5  per  cent,  up  to 
per  cent,  case-mortality.  ^ 

Correlation.--Mr.  Francis  Galton  in  Ins  JVatural  Inheritance 
showed  that  the  law  of  ■  Frequency  of  Error  could  be  applied  with 
great  advantage  to  the  elucidation  of  certain  problems  suggested  by 
the  study  of  hereditary  processes.  His  methods  have  recently  been 
extended  and  developed  by  Karl  Pearson  and  others  who^ave 
apphed  the  theory  of  correlation  to  the  investigation  of  questions 
abusing  in  connection  with  the  theory  of  evolution.  Like  organs  of 
the  same  indmdual  resemble  one  another  more  closely  than  they 
resemble  similar  organs  in  another  individual  of  the  same  race 
the  !:r  -given  by  Professor  Pearson,  "capsules  on 

.   the  same  poppy  plant  are  more  alike  to  each  other  than  they  are  to 

a  h"r  P'"^''  beech'^tree  to 

each  other  than  to  those  of  a  second  beech  tree."  This  resem- 
blance IS  a  particular  case  of  correlation,  and  the  numerical  theory 
of  correlation  affords  a  means  of  measuring  quantitatively  the 
degree  of  resemblance.     Professor  Pearson  his  demonstrate!  the 

tressecl  bfth""t  '^^^"^  inter-relationships  a. 

isTery  h2^^  ^T'      ^^^-1^*--"    ^hen  the  correlation 

IS  Aery  high  the  correlation  coefficient  is  nearly  unity :  if  there  be 

coefficients  in  man,  of  right  and  left  femur  (-96),  first  ioints  of 
right-hand  index  and  little  fineers  PfP   1.  t       I  T 

Tninprl  /Q..  +  1,1        Ar^c    '""""geis  {  QZ),  etc,  etc,  havo  been  deter- 
mined {See  table,  p.  402,  "  The  Grammar  of  Science  " 

dealt  with  "'T  "i  P""^"^^^^  «^--«ters 

lealt  with  do  not,  as  a  rule,  admit  of  quantitative  measurement  • 

butVhVTr"'""'       r^"^^  «f  -  cicatrix  i  Toted' 

but  the  data  necessary  for  classification  of  cicatrice.   nfL  Ti! 

pp.  zoi-6i'd},  has  referred  to  the  "nppd  nf  o  .^.m  •  I 
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complete  association  on  the  other."  Having  selected  a  form  of 
coefficient  which  satisfies  certain  necessary  conditions,  he  illustrates 
its  use  by  investigating  the  association  between  non-vaccination  and 
attack  in  infected  households.  He  employs  tlie  table  given  on  p.  Go 
of  the  Final  Report  of  the  Vaccination  Comniission,  which  gives 
particulars  as  to  vaccination  and  attack,  in  children  under  10  and 
persons  over  10,  in  outbreaks  of  small-pox  in  five  towns,  and  finds 
that— "The  association  between  non-vaccination  and  attack  is  very 
high  indeed  for  young  children,  -8  to  -9,  but  drops  sharply  to  -5 
(owing,  presumably,  to  the  waning  protection  of  the  vaccination 
made  in  infancy)  in  the  older  age  group." 

In  a  paper  "  On  the  Correlation  of  Characters  not  Quantitatively 
Measurable"  {Pkil.  Trans.,  Vol.  195,  pp.  1-47),  Professor  Pearson 
has  referred  to  "the  correlation  between  strength  to  resist  small-pox 
and  the  degree  of  effective  vaccination."    Dealing  mth  the  statistics 
of  the  Metropolitan  Asylums  Board  for  the  epidemic  of  1893,.  he 
obtains  the  coefficient  -5954  (with  probable  error  -0272),  and  hence 
concludes  that  there  is  "  quite  a  large  correlation  between  recovery 
and  the  presence  of  the  cicatrix."  He  adds  that,  "while  the  correla- 
tion is  very  substantial,"  it  is  "perhaps  smaller  than  some  ^over- 
ardent  supporters  of  vaccination  would  have  led  us  to  bebeve.  He 
also  applies  his  method  to  the  question  of  the  effectiveness  of  the 
anti-toxine  treatment,  and  obtains  coefficients  which  are  "  sensible  as 
compared  with  their  probable  errors,"  but  "the  relationship  is  by  no 
means  so  great  as  in  the  case  of  vaccination." 


CHAPTER  XII. 


SANITARY  ADMINISTRATION  AND   SANITARY  LAW. 

Local  Authorities.— England  and  Wales  are  divided  under 
the  Local  Government  Act,  1894,  into  administrative  counties  and 
cmi7it>/  boroughs;  the  former  (with  the  exception  of  the  County  of 
London)  are  further  divided  into  co^miy  districts,  urban  and  rural 
Further,  under  Section  287  of  the  Public  Health  Act,  1875,  the 
Local  Government  Board  may,  by  order,  constitute  any  sanitary 
authority  or  combination  of  authorities,  Avhose  district  or  districts 
abut  upon  a  port,  a  Fort  Sanitarij  Authority. 

The  authority  in  the  area  of  an  administrative  county  is  the 
county  council,  first  brought  into  existence  by  the  Local  Government 
Act,  1888.  The  county  council  may  make  by-laws  for  certain  pur- 
poses, may  appoint  one  or  more  medical  officers  of  health,  and  may 
make  complaint  to  the  Local  Government  Board,  under  Section  229 
of  the  Act  of  1875,  in  cases  in  which  any  sanitary  authority  within 
the  county  is  not  doing  its  duty.  Copies  of  periodical  and  special 
reports  must  be  sent  by  medical  officers  of  health  of  districts  within 
the  county  to  the  county  council.  The  county  council  has  also 
powers  under  the  Rivers  Pollution  Act,  and  the  Isolation  Hospitals 

TI  'iTo  """PP"^^  authority"  under  the  Local  Government 

Act,  1894. 

In  county  boroughs  the  town  council,  in  other  boroughs  the 
municipal  council,  and  in  urban  districts  the  urban  district  council 
act  as  Sanitary  Authorities  and  enforce  any  local  sanitary  Acts  or 
the  genera  code  of  legislation  to  be  presently  referred  to.  In  rural 
districts  the  rural  district  council  is  the  Sanitary  Authority:  its 
powers  differ  to  some  extent  from  those  of  an  i^rban  authority  Thus 
urban  authorities  have  somewhat  wider  powers  than  rural  authorities! 
though  with  the  approval  of  the  Local  Government  Board,  most  o 

Thu!   h"/       P^^^^  b«         exercised  by  rural  auihorities. 

Thus  the  power  to  make  by-laws  as  to  nuisances,  new  buildings 
offensive  trades  and  slaughter-houses,  and  authority  to  adopt  the 
Public  Health  Acts  Amendment  Act,  1890,  are  frequently "t 
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1     1.  •  Afmin   Part  T.  of  the  Housing  of  the  Working 

^^'ZlJT:^  to  rural  district.     On  the  other  h^nd 
the  Public  Health  Water  Act,  1878,  applies  to  rural  and  not  to 

"to' "an    and   rural  district    councils  were  allotted,  in 
.S,  t  f—  previous.  P— ^^^^^^ 

2  TeyerY  rural  parish  with  a  population  exceeding  300; 
Tnd  In  'tl  ^  event  of  certain  preliminaries  being  complied  with,_in 
smaller  parishes  also.  A  few  sanitary  powers  devolve  upon  parish 
crncTls  e  g.,  power  to  utilise  wells  and  springs,  to  deal  with 
Zds  PO  1  ,  dLhes,  drains,  etc.;  they  may,  moreover,  hire  lan^ 
rltmenis,  and  they  may  make  complaint,  to  the  ^onntj^on  ct 
of  default  on  the  part  of  the  rural  district  council,  and  to  the 
medical  officer  of  health  of  the  district  council,  concernmg  unhealthy 
medical  officer  o  desirability  of  puttmg  in  force  in 

dwellings     The  ^l^'^^^tL  Acts"  (Baths  and  Washhouses  Acts, 
the  parish  certain    Adoptive  J^cvs  y 

etcf ..ust  be  decided  by  .<f  X^tret^ldJ'e^^^^^^^^  ^th 
ditureonhe  pansh  cou  *at  not  more  than  a 

Iw^::;  o:^^^^^roieL  „f  ^he  pari*  meeting,  a  si.pe^y 
r      X  hiourred     The  parish  council  may  raise  money  on  loan 
;;:„:ry'lh  Itnsent  oAhe  parish  meeting,  the  county  council 

and  the  Local  Government  Board.  n,„  Sanitary  Authority 

The  rural distriotcouncil  remams.  howeve  ,^e  Sam^^^^^^^^^ 

parish  council.     The  ^^"f  "^^l     ^^^^^      ^  parochial  committee 

duties  which  may  properly  be  delegated  to  p 

as  being  those,  of  periodical  inspection  "^^^  ,f  ^^rks 

struction  or  of  abatement  of  nuisances,  ^{^'"^^TTZLnts,  and 

of  construction,  of  examination  ^f^^^'^:;^^^^^^^^ 

of  reporting  to  the  district  council  ^P^^^f ^^^^^^^^^^^   ,1,^  council. 

and  upon  the  P-£ormance  of  the  duties  of  he  oftce.s  *  ^^^^^^ 

In  London  the  council  of  the  admini  tratn^^^^^^^ 
to  the  ordinary  powers  o   other  county  ^^^^'^^^"^^  powers 

connection  with  health  -^'^^'^'f^X^^^^n^c^^^^^^^  Act,  1890,  the 
exercised  under  the  Housing  of  t^^^^^^^^^^ 

Public  Health  (London  Act  ^^^^'  ^^r  {Z  making  powers  inherited 
Acts;  there  are  also  "^^W^f '^^e 

from  the  Metropolitan  Board  of  ^.^^'^  V^^ment  of  the  vestries 
Act,  1898,  constituted  Borough  Councils, in  leplacement 
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and  district  boards,  which  were,  up  to  that  time,  the  local  sanitary 
authorities  in  London.  Under  the  same  Act  considerable  alterations 
of  the  boundaries  of  the  local  areas,  with  amalgamation  of  some  of 
them  into  larger  areas,  were  made,  and  certain  powers  of  enforcing 
by-laws,  regulations,  etc.,  were  transferred  from  the  county  council  to 
the  borough  councils.  In  London  the  hospital-providing  authority 
is  the  Metropolitan  Asylums  Board,  a  body  distinct  from  the  county 
and  borough  councils. 

Medical  Officers  of  Health.— It  has  been  seen  that  Liver- 
pool appointed  a  Medical  Officer  of  Health  in  1847,  under  the  Towns 
Improvement  Clauses  Act  of  that  year,  and  the  Corporation  of  the 
City  of  London,  under  a  special  Act,  made  a  like  appointment  in 
the  following  year.  Other  towns  gradually  followed  the  example 
of  Liverpool  and  the  City  of  London. 

Qu.alifications,  Temtre  of  Office,  etc—The  Public  Health  Act, 
1848,  empowered  local  boards  of  health  to  appoint  a  legally  qualified 
medical  practitioner  as  medical  officer  of  health,  and  the  Public 
Health  Act  of  1872  imposed  upon  sanitary  authorities  generally 
throughout  the  country  the  duty  of  appointing  such  officers.  Section 
18  of  the  Local  Government  Act,  1888,  requires  that  a  medical  officer 
of  health  appointed  after  the  1st  January,  1892,  to  a  district  having 
at  the  last  census  50,000  inhabitants  or  more,  shall  be  the  registered 
holder  of  a  diploma  in  public  health,  or  have  been,  during  three 
consecutive  years  prior  to  1892,  a  medical  officer  of  a  district  with 
a  population,  at  the  last  census,  of  not  less  than  20,000,  or  have 
been  for  not  less  than  three  years  a  medical  officer  or  inspector  of 
the  Local  Government  Board.  ' 

In  cases  in  which  a  portion  of  the  salary  of  the  medical  officer 
of  health  was  paid  out  of  Imperial  funds  the  Local  Government 
Board,  under  the  Act  of  1872,  were  given  the  same  powers  as  those 
they  possessed  in  the  case  of  district  medical  officers  of  health  of 
unions  with  regard  to  appointment,  duties,  salary,  and  tenure  of 
office  Regulations  with  regard  to  these  matters  were  first  issued 
by  the  Board  in  1872.  These  regulations  have  from  time  to  time 
been  amended,  and  the  Local  Government  Act  of  1888  transferred 
to  the  county  and  borough  councils  the  liability,  to  repayment  of 
salary  from  Imperial  revenue,  if  claimed  by  the  local  authority. 

The  duties  of  a  medical  officer  of  health  are  identical  whether  a 
contribution  is  made  to  his  salary  or  not,  save  that  in  the  latter  case 
he  must  report  his  appointment  to  the  Local  Government  Board 
within  seven  days.  There  is,  however,  no  compulsion  as  regards 
sending  copies  of  annual  and  special  reports  in  the  case  of  officers 
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appointed  before  March,  1880,  if  no  repayment  is  claimed.  County 
councils  may  refuse  to  pay  any  contribution  in  the  event  of  their  not 
receiving  copies  of  reports,  required  to  be  sent  to  the  Local  Govern- 
ment Board,  to  which  they  are  entitled.  When  no  part  payment  is 
made  the  authority  may  fix  the  salary  at  any  sum  they  please,  and 
may  remove  the  medical  officer  from  office  at  their  pleasure.  If, 
on  the  other  hand,  part  payment  is  made,  the  local  authority  may 
suspend  the  officer,  but  the  Local  Government  Board  have  power  to 
remove  the  suspension. 

The  Duties  of  Medical  Officers  of  Health  were  prescribed  m  an 
order  issued  on  March  23rd,  1891,  by  the  Local  Government 
Board  In  somewhat  modified  form,  these  instructions  apply  also 
to  port  medical  officers,  "ships"  being  substituted  for  houses,  and 
other  necessary  corrections  of  a  like  character  being  made  and 
reference  to  ofi-ensive  trades  and  to  food  inspection  being  omitted  m 
the  case  of  port  medical  officers.  ^-  n 

"  (1)  He  shall  inform  himself,  as  far  as  practicable,  respecting  all 
influences  affecting,  or  threatening  to  affect,  injuriously  the  public 
health  within  the  district. 

(2)  He  shall  inquire  into  and  ascertain,  by  such  means  as  are  at 
his  disposal,  the  causes,  origin,  and  distribution  of  diseases  within 
the  district,  and  ascertain  to  what  extent  the  same  have  depended 
on  conditions  capable  of  removal  or  mitigation. 

(3)  He  shall,  by  inspection  of  the  district,  both  systematically  at 
cerUn  periods  and  at  intervals  as  occasion  may  -quire  k^P 
himself  informed  of  the  conditions  injurious  to  health  existing 

a\  He  shall  be  prepared  to  advise  the  Sanitary  Authority  on  all 
matters  affecting  the  health  of  the  district  and  on  all  --t-^^^ 
points  involved  in  the  action  of  the  Sanitary  Authority  and  m  cases 
Quiring  it  he  shall  certify  for  the  guidance  of  the  ^^^^^^^^^^^^^^ 
ity  or  of  the  justices,  as  to  any  matter  m  respect  of  which  the 
certificate  of  a  medical  officer  of  health  or  a  medical  practitioner  is 
required,  as  the  basis  or  in  aid  of  sanitary  action. 

(5)  H;  shall  advise  the  Sanitary  Authority  on  any  question  relat  ng 
to  health  involved  in  the  framing  and  subsequent  -orkmg  of  such 
by-laws  and  regulations  as  they  may  have  power  ^^^^^^^^^^^^ 
the  adoption  by  the  Sanitary  Authority  of  ^^^^^f  ^h  A^^^^^ 
^Prevention)  Act,  1890,  or  of  any  section  or  sections  of  such  Act. 
^  eTSrreceiviilg  inf^-mation  of  the  outbreak  of  any  conUgious 
infectious  or  epidemic  disease  of  a  dangerous  character  withm  the 
dtrtt  he  shall  visit,  without  delay,  the  spot  where  the  outbreak 
afo  c^;^^^^^^^^  and  inquire  into  the  causes  and  circumstances  of  such 
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outbreak,  and,  in  case  he  is  not  satisfied  that  all  due  precautions  are 
being  taken,  he  shall  advise  the  persons  competent  to  act  as  to  the 
measures  which  may  appear  to  him  to  be  required  to  prevent  the 
extension  of  the  disease,  and  take  such  measures  for  the  preven- 
tion of  disease  as  he  is  legally  authorised  to  take  under  any  Statute 
AuthoriV  """^  ^-esolution  of   the  Sanitary 

(7)  Subject  to  the  instructions  of  the  Sanitary  Authority,  he  shall 
direct  or  superintend  the  work  of  the  inspector  of  nuisances  in  the 
way,  and  to  the  extent,  that  the  Sanitary  Authority  shall  approve 
and  on  receiving  information  from  the  inspector  of  nuisances  that 
his  intervention  is  required,  in  consequence  of  the  existence  of  any 
nuisance  injurious  to  health,  or  of  any  overcrowding  in  a  house,  he 
shall  as  early  as  practicable,  take  such  steps  as  he  is  legally  author- 
ised to  take  under  any  Statute  in  force  in  the  district,  or  by  any 
resolution  of  the  Sanitary  Authority,  as  the  circumstances  of  the  case  ' 
may  justify  and  require. 

(8)  In  any  case  in  which  it  may  appear  to  him  to  be  necessary  or 

ittW.''       "I  u^"^        '^^'^  ^"-^^^-^  by  the  Sanitary 

Authority  he  shall  himself  inspect  and  examine  any  animal,  carcase, 

or  lr    7'  ^'T'  -«g«*-bles,  corn,  bread,  flour 

He^  h  r!  T/.'  provisions  of  the  Public 

deno^td  for  t.    '  ^^P^^^  o 

deposited  for  the  purpose  of  sale,  or  of  preparation  for  sale  and 

utound  o     \Y  "'^^^^         ^--^       b«  "  or 

unsound  or  unwholesome,  or  unfit  for  the  food  of  man  ;  and  if  he 

finds  that  such  ammal  or  article  is  diseased,  or  unsound,  ^r  unwhole 

Ty^rneTe    '^^^'^  ''''  ^^^^  ^^I^ 

may  be  necessary  for  causing  the  same  to  be  dealt  with  by  a  justice 

according  to  the  provisions  of  the  Statutes  applicable  to  tL  caTe  ' 
(9)  He  shall  perform  all  the  duties  imposed  upon  him  by  any  by 
laws  and  regulations  of  the  Sanitary  Authority,  duly  confiLed 
where  confirmation  is  legally  required,  in  respe  t  of  "Iny  mirte^ 
affecting  the  public  health,  and  touching  which  they  are  author "ed 
to  frame  by-laws  and  regulations.  «  ^^utnon.sed 

nn^^V),^'.?''^].''''^"'''         any  Offensive  process  of  trade  carried 

^revt  L'n  of'    ''''''''  '''^  th 

prevention  of  any  nuisance  or  injury  to  health  therefrom. 
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be  adopted  for  the  improvement  or  protection  of  the  public  healtli 
in  the  district.  He  shall  in  like  manner  report  with  respect  to  the 
sickness  and  mortality  within  the  district,  so  far  as  lie  has  been 
enabled  to  ascertain  the  same. 

(13)  He  shall  keep  a  book,  or  books,  to  be  provided  by  the 
Sanitary  Authority,  in  which  he  shall  make  an  entry  of  his  visits, 
and  notes  of  his  observations  and  instructions  thereon,  and  also  the 
date  and  nature  of  applications  made  to  him,  the  date  and  result  of 
the  action  taken  thereon,  and  of  any  action  taken  on  previous 
reports  ;  and  shall  produce  such  book,  or  books,  whenever  required, 
to  the  Sanitary  Authority. 

(14)  He  shall  also  prepare  an  annual  report,  to  be  made  to  the 
end  of  December  in  each  year,  comprising  a  summary  of  the  action 
taken  during  the  year  for  preventing  the  spread  of  disease,  and  an 
account  of  the  sanitary  state  of  his  district  generally  at  the  end  ot 
the  year     The  report  shall  also  contain  an  account  of  the  inquiries 
which  he  has  made  as  to  conditions  injurious  to  health  existing  in 
his  district,  and  of  the  proceedings  in  which  he  has  taken  part,  or 
advised,  under  any  Statute,  so  far  as  such  proceedings  relate  to  those 
conditions;  and  also  an  account  of  the  supervision  exercised  by  him 
or  on  his  advice,  for  sanitary  purposes,  over  places  and  houses  th^t 
the  Sanitary  Authority  have  power  to  regulate,  with  the  nature  and 
results  of  any  proceedings  which  may  have  been  so  required  and 
taken  in  respect  of  the  same  during  the  year.     The  report  shall 
also  record  the  action  taken  by  Hm,  or  on  his  advice  during  the 
year  in  regard  to  offensive  trades,  to  dairies,  cowsheds,  and  miik- 
shops,  and  to  factories  and  workshops.   The  report  shall  also  contain 
tabular  statements  (on  forms  to  be  supplied  by  the  Local  Govern- 
ment Board,  or  to  the  like  effect)  of  the  sickness  and  mortality 
.vithin  the  district,  classified  according  to  diseases,  ages,  and  locali- 
ties    Provided  that  if  the  medical  officer  of  health  shall  cease  to 
hold  office  before  the  thirty-first  day  of  December  in  any  year  he 
shall  make  the  like  report  for  so  much  of  the  year  as  shall  ha^e 
expired  when  he  ceases  to  hold  office.       .      ^     .     ^      ,  PnvPrn- 

(15)  He  shall  give  immediate  information  to  the  Local  Govern 
ment  Board  of  any  outbreak  of  dangerous  epidemic  f 
the  district,  and  shall  transmit  to  the  Board  a  copy  of  each^^^^"?;^' 
and  of  any  special,  report.    He  shall  make  a  -P-* 
Local  Government  Board  as  to  any  advice       may  gn  e  ^  t^^^^ 
Sanitary  Authority,  with  a  view  to  ^^'^^^''^^^^^^^^^^ 
any  school  or  schools  in  pursuance  of  the  Code  of  Regulations 
Approved  by  the  Education  Department,  and  for  the  time  being  m 
force. 
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(16)  When  giving  information  to  the  Local  Government  Board 
of  the  outbreak  of  infectious  disease,  or  transmitting  to  them  a  copy 
of  his  annual  report,  or  of  any  special  report,  he  must  give  the  like 
information,  or  transmit  a  copy  of  such  report,  to  the  county 
council  or  county  councils  of  the  county,  or  counties,  Avithin  which 
his  district  may  be  situated. 

(17)  In  matters  not  specifically  provided  for  in  this  Order,  he 
shall  observe  and  execute  the  instructions  of  the  Local  Government 
Board  on  the  duties  of  medical  ofiicers  of  health,  and  the  lawful 
orders  and  directions  of  the  Sanitary  Authority  applicable  to  his 
office. 

_  (18)  Whenever  the  Local  Government  Board  shall  make  regula- 
tions for  all  or  any  of  the  purposes  specified  in  Section  134  of  the 
Public  Health  Act,  1875,  relating  to  the  prevention  of  infectious 
diseases,  and  shall  declare  the  regulations  so  made  to  be  in  force 
vnthux  any  area  comprising  the  whole  or  any  part  of  the  district 
he  shaU  observe  such  regulations  as  far  as  the  same  relate  to  or 
concern  his  office." 

The  medical  officer  of  health  should  keep  a  careful  record  of  all 
his  proceedings;  he  should  endeavour  to  obtain  early  information 
concerning  any  unusual  outbreak  of  illness  in  his  district  He 
should  see  that  the  necessary  steps  are  taken  for  securing  the 
weekly  returns  of  registered  deaths,  which,  under  Section  28  of  the 
Births  and  Deaths  Registration  Act,  1874,  a  Sanitary  Authority 
may,  on  payment,  procure  from  the  district  registrar,  and  for 
obtaming  returns  of  registered  births  and  of  deaths  in  outlying 
institutions.    He  should  arrange  that  immediate  notice  should  be 
given  him  "of  all  deaths  from  infectious  diseases  in  fresh  localities 
and  all  groups  of  deaths  from  such  disease,  or  from  diarrhoea  in  an^ 
localities.     By  an  Order  of  February  12th,  1879,  of  the  Local 
Government  Board,  district  and  workhouse  medical  officers  (and  by 
a  later  Order,  medical  officers  of  district  schools)  are  required  to 
furnish   the   medical  officer   of   health  with   returns  of  pauper 
sickness  and  deaths,  and  to  notify  to  him  the  outbreak  of  any 
dangerous  infectious  disease.    If  any  such  disease  occur  on  cana^ 

made  bv  ^.T"^,  -  (if  ^Pecial  by-laws  have  been 

made  by  the  authority),  m  tenement  houses  or  in  tents  or  vans 
the  fact  must  be  notified  to  the  medical  officer  of  health 

The  extension  of  compulsory  notification  of  infectious  '  diseases 
to  the  general  population  of  the  whole  country,  by  the  4ct  of  1800 
has  placed  valuable  and  much-needed  information  Tth    hands  o^ 
medica  officers  of  health,  but  the  other  sources  of  inforila^n  L 
are  likely  still  to  prove  of  us.,  and  early  knowledge  of  outbreaks  of  i  i 
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fectious  illness  is  especially  necessary  for  the  undertaking  of  prompt 
preventive  measures.  Valuable  aid  may  be  afforded,  for  example,  in 
this  connection,  where  the  co-operation  of  school  authorities  is  secured. 

Certain  useful  census  data,  over  and  above  the  pubUshed  particu- 
lars can  be  obtained  mth  the  consent  of  the  Registrar-General. 
The'  population,  for  example,  of  "enumeration"  districts  is  ascer- 
tained at  the  time  of  the  census,  but  in  the  census  tables  these 
enumeration  districts  do  not  appear,  the  smallest  areas  dealt  with 
being  the  "registration  sub-districts,"  each  of  which  may  include  a 
number  of  enumeration  districts.  When  questions  arise  concerning 
local  prevalences  of  disease,  or  the  rate  of  mortality  observed  in 
specially  unhealthy  areas,  knowledge  of  the  population  of  individual 
enumeration  districts  may  be  of  great  value,  and  it  is  desirable, 
therefore,  to  have  this  information  ready  to  hand. 

Annual  Reports.— The  Local  Government  Board  has  from  time  to 
time  issued  Memoranda  (with  appended  explanatory  tabular  forms) 
concerning  the  preparation  of  annual  reports.  It  has  been  pointed 
out  by  the  Board  that  the  report  should,  in  order  to  secure  uniformity, 
be  in  all  instances  for  the  year  ending  December  31,  and  that  it 
should  be  completed,  if  possible,  within  six  weeks,  and  at  latest 
mthin  three  months,  of  the  end  of  the  year  to  which  the  report 
relates.  The  following  paragraphs  may  be  quoted  from  the 
Memorandum  of  1901 : — 

"The  report  should  be  chiefly  concerned  with  the  conditions 
aff"ecting  health  in  the  district  and  with  the  means  for  improving 
those  conditions.  It  should  contain  an  account,  brought  up  to  the 
end  of  the  year  under  review,  of  the  sanitary  circumstances  of  the 
district,  and  of  any  improvement  or  deterioration  which  may  have 
occurred  during  the  year  in  these  circumstances." 

As  subjects  concerning  which  the  Board  desire  to  obtain  informa- 
tion the  following  deserve  to  be  borne  in  mind  :— 

"  Physical  features  and  general  character  of  the  district. 
House  accommodation,  especially  for  the  working-classes:  its 
adequacy  and  fitness  for  habitation.    Sufficiency  of  open 
space  about  houses  and  cleanliness  of  surroundings.  Super- 
vision over  erection  of  new  houses. 
Sewerage  and  drainage:  its  sufficiency  in  all  parts  of  the 
district.    Condition  of  sewers  and  house  drains.    IMethod  or 
methods  of  disposal  of  sewage.    Localities  where  improve- 
ments are  needed. 
Exi-rement  disposal :  system  in  vogue  ;  defects,  if  any. 
Removal  and  disposal  of  house  refuse— whether  by  public 
scavenger  or  occupiers :  freqiiency  and  method. 
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Water  supply  of  the  district  or  its  several  parts :  its  source 
(from  public  service  or  otherwise),  nature  (river  water,  well 
Avater,  upland  water,  etc.),  sufficiency,  Avholesomeness  and 
freedom  (by  special  treatment  or  otherwise)  from  risks  of 
pollution. 

Places  over  which  the  Council  have  supervision,  e.g.,  lodcrina. 
houses,  slaughter-houses,  bakehouses,  dairies,  cowsheds'' and 
mdkshops,  factories  and  workshops,*  and  offensive  trades 

Nuisances:  proceedings  for  their  abatement— any  remaining 
unabated.  ° 

Methods  of  dealing  with  infectious  diseases :  notification  • 
isolation  hospital  accommodation  and  its  sufficiency  •  dis' 
infection."  ^  ' 

"  The  medical  officer  of  health,  in  reporting  his  proceedings  and 
advice,  should  put  on  record  whether  he  has  made  systematic 
inspections  of  his  district.  By  '  systematic  inspections '  are  meant 
inspections  independent  of  such  inquiries  as  the  medical  officer  of 
health  may  have  to  make  into  particular  outbreaks  of  disease  or 
into  unwholesome  conditions  to  which  his  attention  may  have  bLen 
specially  called  by  complaints  or  otherwise,  and  such  inspections  will 
include  the  house-to-house  inspections  which  may  be  necessary  in 
particular  localities." 

"In  making  such  systematic  inspections  as  in  much  of  his  other 
action,  the  medical  officer  of  health  will  usually  have  required  the 
assistance  of  the  inspector  of  nuisances,  and  the  medical  officer 
should  include  in  his  report  an  account  of  the  action  which  at  his 
instance,  the  inspector  may  liave  taken  for  the  removal  of  nuisances 
injurious  to  health. 

"  The  tabular  statements  of  sickness  and  mortality  in  the  district 
during  the  year,  to  be  made  on  the  forms  supplied  for  the  purpose 
should  be  the  subject  of  comment  in  the  text  of  the  report  hi  so  far 
as  deductions  from  them  may  assist  the  Board  and  the'  Councils 
concerned  to  an  appreciation  of  the  lines  of  action  needful  in  the 
future. 

"  In  Table  I.  should  be  stated  for  the  wliole  district  the  number 
and  rates  of  births,  and  of  deaths  under  one  year  and  at  all  acres 
and  the  data  on  which  the  net  death-rate  is  based.     Spaces  trJ 
given  for  the  insertion  of  the  corresponding  figures  for  the  ten 
previous  years.-In  Table  II.  the  births  and  the  deaths,  corrected  by 

*  Sec.  132  of  the  Factory  ^r^OW^^^^^^^^^  ^^q^  ^equiros  that  a  copy  oP 
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the  exclusion  of  those  of  non-residents  occurring  in  public  institu- 
tions "tSn  the  district  and  the  inclusion  of  those  residents  dyujg  m 
public^  titutions  elsewhere,  are  to  be  distributed  among  the  locahtxes 
L  whir  they  belong,  space  being  given  in  tins  table  also  for  the 
nsexi  n  of  tL  corresponding  figures  in  previous  years  As  regards 
rr.Kssification  by  localities,  it  is  to  be  observed  that  the  district 
under  th^^^^^^^^^  of  a  medical  officer  of  health  may  contain 

Tveral  parts  evidently  differing  in  their  circumstances,  or  having 
ve7y  d  fferent  rates  of  mortality,  either  from  all  causes,  or  from  some 
Ta  -Lular  disease  or  class  of  diseases.    The  obser^-ation  of  these 
differences   can   scarcely  fail   to   lead   to  valuable  information 
especially  when  the  returns  for  several  years  can  be  compared 
re  herfand  it  is  in  view  of  such  differences  that  the  tabular 
statements  are  required,  in  Section  14  (of  Artie  e  18  of  the  Order  o 
March  1891),  to  be  classified  according  to  'Hocahties,    and  that 
Ivisi^n  for  such  a  classification  is  made  on  the  forms  supplied 
for  returns  of  deaths.    In  the  absence  of  any  ascertained  differences 
of  the  above  sort,  it  will  still  be  desirable,  where  the  district  i^ 
of  any  considerable  size,  and  has  recognised  sub-divisions,  to  classify 
the  deaths  of  the  district  according  to  the  part  of  the  district  m 
which  they  occur;  and  for  this  purpose  any  areas  of  known  popu- 
lation (such  as  wards,  parishes  or  groups  of  parishes  or  registration 
sub-districts)  may  be  taken  as  representing  ^'loMes     for  the 
purposes  of  the  Order.  .  ..  Table  III.  provides  for  the  number  of 
notified  cases  of  infectious  disease  during  the  year,  classified  accord- 
ing to  ages  of  patients,  and  localities,  and  also  the  number  of  cases 
removed  to  hospital  from  each  locaHty.  .  . .  Table  IV.  provides  for  the 
classification  of  the  deaths  during  the  year  according  to  causes, 

ages,  and  localities."  ,     .  n        ,  •  i 

"What  has  been  said  above  with  regard  to  the  information  which 
an  annual  report  should  contain  must  be  understood  not  as  suggest, 
ing  that  the  report  should  be  limited  to  these  subjects,  but 
as  indicating  the  sort  of  information  required  by  the  Board  s 
Order  Many  medical  officers  of  health  will  doubtless,  with  great 
advantage  to  the  administration  of  their  district,  furnish  much 
more  detailed  information  and  statistics  respecting  particular  ques- 
tions to  which  they  have  been  led  by  the  circumstances  of  the  year  to 
devote  attention,  or  in  the  investigation  of  which  they  may  have 
arrived  at  valuable  conclusions.  Any  information  of  this  kind  mil 
be  appreciated  by  the  Local  Government  Board." 

Sanitary    Inspectors. -These   officers   are   still  sometimes 
spoken  of  as  inspectors  of  nuisances,  in  accordance  with  the  original 
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phraseology  of  earlier  public  health  Acts.  In  London,  .sanitary 
inspectors  appointed  after  January  1st,  1895,  must  be  certificated  I 

"'^  "'"'^^  inspectors.     In  Scotland,  no 

medical  olhcer  or  sanitar^y  inspector  ....  can  be  removed  from 
mce  .vxthout  the  sanction  of  the  Scottish  Local  Government  Board. 

ine  duties  of  sanitary  inspectors  are  prescribed  by  the  Local 
■Governnient  Board,  in  an  Order  of  March,  1891,  as  follows  :- 
•Snn/f       A  J'-^ll  perform,  either  under  the  special  directions  of  the 

Sv   uL      i'"?"^  ^"'^^"-^^^^^  Sanitary  Autho-  " 

nty)  under  the  directions  of  the  medical  officer  of  healtli   or  in 

all  the  duties  specially  imposed  upon  an  inspector  of  nuisances  bv 
t'llZl       f.;^^  'T'  otherLtute  or  Statut^  or 

apply  to  t^^^^^^^       ^^^^^  -  - 

•so  ^Squ^ilf '"'"^      ""''''"^^  ^""^'"^y  -hen 

ce/tain^.r-^f '      'T?''*^'"  ^^^^  systematically  at 

■ce  tarn  periods  and  at  intervals  as  occasion  may  require,  keep  himself 

.IbaZl:"  -istinJthLn'tlJiC^t' 
(4)  On  receiving  notice  of  the  existence  of  any  nuisance  within 

tt:  s::  rrrtV'?r\^'      -  ^uiationrut; 

the  Sanitaiy  Authority  for  the  suppression  of  nuisances,  he  shall  as 
ea  ly  as  practicable,  visit  the  spot,  and  inquire  into  such  alWed 
nuisance  or  breach  of  by-Ws  or  regulations  " 
(o)  He  shall  report  to  the  Sanitary  Authority  any  noxious  or 

-  ---^-tones  established  .ith-  i  tL 
•  listiict,  and  the  breach  or  non-observance  of  any  by-la>vs  or  re-uln 
tions  made  in  respect  of  the  same.  ^ 

(6)  He  shall  report  to  the  Sanitary  Authority  any  dama^^e  done 
to  any  works  of  water  supply,  or  other  works  belongin  "  o  them 
and  also  any  case  of  wilful  or  negligent  waste  of  water  supp  ied 

be  ^Jt;:^z^zz:^ 

33 
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be  intended  for  the  food  of  man,  and  to  be  unfit  for  such  food,  he 
shall  canse  the  same  to  be  seized,  and  take  such  other  proceedmgs  a« 
may  be  necessary  in  order  to  have  the  same  dealt  with  by  a  justice: 
provided  that,  in  any  case  of  doubt  arising  under  this  clause,  he  shall 
report  the  matter  to  the  medical  officer  of  health,  ^vith  the  view 
of  obtaining  his  advice  thereon. 

(8)  He  shall,  when  and  as  directed  by  the  Sanitary  Authority, 
procure  and  submit  samples  of  food,  drink,  or  drugs  suspected  to  be 
adulterated,  to  be  analysed  by  the  analyst  appointed  under  "  The 
Sale  of  Food  and  Drugs  Act,  1875,"  and  upon  receiving  a  certificate 
stating  that  the  articles  of  food,  drink,  or  drugs  are  adulterated, 
cause  a  complaint  to  be  made,  and  take  the  other  proceedinga 
prescribed  by  that  Act. 

(9)  He  shall  give  immediate  notice  to  the  medical  officer  of: 
health  of  the  occurrence  within  the  district  of  any  contagious, 
infectious,  or  epidemic  disease,  and  whenever  it  appears  to  him  that, 
the  intervention  of  such  officer  is  necessary  in  consequence  of  the 
existence  of  any  nuisance  injurious  to  health,  or  of  any  overcrowd- 
ing in  a  house,  he  shall  forthwith  inform  the  medical  officer  of 
health  thereof. 

(10)  He  shall,  subject  to  the  directions  of  the  Sanitary  Authority, 
attend  to  the  instructions  of  the  medical  officer  of  health  with 
respect  to  any  measures  which  can  be  lawfully  taken  by  an  inspector 
of  nuisances  under  the  Public  Health  Act,  1875,  or  under  any 
Statute  or  Statutes,  for  preventing  the  spread  of  contagious,  infec- 
tious, or  epidemic  disease  of  a  dangerous  character. 

(11)  He  shall  enter  from  day  to  day,  in  a  book  provided  by  the 
Sanitary  Authority,  particulars  of  his  inspections,  and  of  the  action 
taken  by  him  in  the  execution  of  his  duties.  He  shall  also  keep  a. 
book  or  books,  to  be  provided  by  the  Sanitary  Authority,  sa 
arranged  as  to  form,  as  far  as  possible,  a  continuous  record  of  the 
sanitary  condition  of  each  of  the  premises  in  respect  of  which  any 
action  has  been  taken  under  the  Public  Health  Act,  1875,  or  under 
any  other  Statute  or  Statutes,  and  shall  keep  any  other  systematic 
records  that  tlie  Sanitary  Authority  may  require. 

(12)  He  shall,  at  all  reasonable  times,  Avhen  applied  to  by  the 
medical  officer  of  health,  produce  to  him  his  books,  or  any  of  them, 
and  render  to  him  such  information  as  he  may  be  able  to  furnisli 
witli  respect  to  any  matter  to  whicli  the  duties  of  inspector  of 
nuisances  relate. 

(13)  He  shall,  if  directed  by  the  Sanitary  Authority  to  do  so, 
superintend  and  see  to  the  due  execution  of  all  works  which  may  be 
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undertaken  under  their  direction  for  the  suppression  or  removal  of 
nuisances  within  the  district.  ^emo^al  ot 

(14)  He  shall  if  directed  by  the  Sanitary  Authority  to  do  so 
act  as  officer  of  the  said  authority  as  local  authorit/ under  th^ 
Contagious  Diseases  (Animals)  Act,  1886,  and  any  orders  or  re.ula 
tions  made  thereunder.  ^fguia 

(15)  In  matters  not  specially  provided  for  in  this  Order  he  shall 
observe  a.Kl  execute  all  the  lawful  Orders  and  directions  of  the 
Sanitary  Authority,  and  the  Orders  of  the  Local  Government  Board 
which  may  be  hereafter  issued,  applicable  to  his  office." 


Sanitary  Law. 

In  succeeding  paragraphs  the  Public  Health  Act,  1875  (38  &  39 
\  ict.,  c.  00)  will  be  cited  as  the  Act  of  1875.  The  Public  Health 
Acts  Amendment  Act  of  1890,  and  the  Infectious  Diseases  (Pre- 
vention) Act  of  1890  (See  p.  539),  will  be  incidentally  referred  to. 

Sewerage  and  Drainage. -Section  13  of  the  Act  of  1875 

provides  that  all  existing  and  future  sewers,  with  the  exception  of 
certain  private  sewers,  shall  be  vested  in  the  local  authority,  who 
may,  moreover,  purchase  sewers  (Section  U),  and  shall  (Section  15) 
maintain  all  sewers  belonging  to  them;  further,  they  must  make 
such  new  sewers  as  may  be  necessary  for  effectually  draining  their 
district,  and  construct,  cover,  ventilate,  and  keep  them  so  as  not  to 
be  a  nuisance  or  injurious  to  health,  and  cause  them  to  be  properly 
cleansed  and  emptied.     Section  23  empowers  the  local  authority  to 
enforce  drainage  of  undrained  houses,  and  the  drain  must  com- 
municate with  the  local  authorities'  sewer,  if  there  be  one  within  one 
hundred  feet  from  the  site  of  the  house,  or  else  with  such  covered 
cesspool,  or  other  place,  not  being  under  any  house,  as  the  local 
authority  direct.    The  drain,  or  drains,  may  be  required  to  be  of 
such  materials  and  size,  and  to  be  laid  at  such  level  and  witli  such  a 
fall  as,  on  the  report  of  their  surveyor,  may  appear  to  the  local 
authority  to  be  necessary.    In  default  the  local  authority  may  carry 
out  the  work  and  recover  their  expenses. 

Difficulty  has  arisen  in  deciding,  in  certain  instances,  as  to  whether 
a  particular  channel  is  a  drain  or  a  sewer,  and  whether,  therefore, 
the  private  owner  or  the  local  authority  is  responsible  for  its  main- 
tenance, etc.  This  question  has  especially  forced  itself  upon  attention 
in  connection  with  "  combined  drains."  Section  4  of  the  Act  of 
1875  defines  a  "drain"  to  be  "any  drain  of,  and  used  for  the 
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drainage  of,  one  building  only  or  premises  within  the  same  curtilage, 
and  made  merely  for  the  purpose  of  communicating  therefrom  with  a 
cesspool,  or  other  like  receptacle  for  drainage,  or  with  the  sewer, 
into  which  the  drainage  of  two  or  more  buildings  or  premises 
occupied  by  different  persons  is  conveyed."  "Sewer  incudes 
"sewers  and  drains  of  every  description,  except  drams  to  which  the 
word  drain  as  aforesaid  applies,  and  except  drains  vested  m  or 
under  the  control  of,  any  authority  having  the  management  of 
roads,  and  not  being  a  local  authority  under  the  Act  of  187o. 

The  Public  Health  Acts  Amendment  Act,  1890,  alters  the 
position  somewhat,  as  it  throws  upon  the  private  owner  the  cost  of 
executing  any  necessary  works  "where  two  or  more  houses  belong- 
ing to  different  owners  are  connected  vnth  the  pubhc  sewer  by  a 
single  private  drain."  Thus  the  conduit  used  for  the  drainage  of 
more  than  one  building  is  styled,  if  the  buildings  drained  by  it 
.are  in  different  ownerships,  a  private  drain;  if  the  builcUngs  are  m 
•one  ownership,  it  is  by  implication  a  sewer.  ,    .   „  . 

In  London  the  confusion  is,  perhaps,  even  greater,  as  "dram  is 
defined  (Metropolis  Local  Management  Act,  1855)  as  mcludmg 
any  drain  for  draining  any  group  or  block  of  houses  by  a  combined 
operation  under  the  order  of  any  vestry  or  district  board   ;  the 
amending  Act  of  1862  further  extends  the  definition  to  combined 
drains,  laid  before  vestries  and  district  boards  became  sewer  author- 
ities, if  made  with  the  sanction  or  approval  of  the  Metropolitan 
Commissioners  of  Sewers.    If,  however,  the  combined  dram  was  laid 
mthout  sanction  or  approval  at  all,  it  is  a  sewer,  and  therefore 
repairable  by  the  local  authority.   A  heavy  responsibihty  is  thus 
thrown  upon  local  authorities  in  connection  vnth  the  repair  of  com- 
bined drains. 

Disposal  of  Sewage.-Section  27  of  the  Act  of  1875  gives  local 
.authorities  powers  for  disposing  of  sewage;  they  may  construct 
works,  purchase  buildings,  materials,  etc.,  and  contract  to  supply 
any  person  with  sewage,  provided  that  no  nuisance  is  created  m 
the  exercise  of  any  of  these  powers.. 

The  extent  to  which  watercourses  became  polluted  by  the  sewage 
works  of  local  authorities  led  to  the  passing  of  the  Rivers  PoUution 
Prevention  Act,  1876.  This  Act  deals  not  only  with  solid  or  hquid 
sewage  matter,  but  also  ^vith  solid  refuse  likely  to  interfere  with  the 
flow  of,  or  to  pollute,  any  stream  with  poisonous,  noxious,  or  polluting 
liquid  from  any  factory,  or  manufacturing  process,  and  with  solid 
matter  from  mines,  likely  to  prejudicially  affect  the  flow  of  any 
stream,  and  poisonous,  noxious,  or  polluting  solid  or  liquid  matter, 


saving  r„::  l\t;rrnd™:r'  a. 

"  "  ^l-"™.  in  ™ch  oases,  that  the  beTt  ^™  """^'W 
means  of  rendering  the  effluent  ha  mlerLT  """""We 

IVith  regard  to  solid  matte,..  .   i  """"8  '^<^- 

by  any  prfvate  pert'  7Z^:^ZT'  ™ 
trade  and  mining  effluent  Jon  /the  C,  *■> 
must  oMai.,  the  approval,  Lfore  d„  nlTo  o',  th  1^  T        ""^  " 
Board.    Procedure  under  the  Act  h„ A      u  Oovernment 
and  improvement  has  only  gradua  v  ,  "^"^  <"'»'a«l<«>. 

sewage  ,va.  concerned,  local  aSwn^  l'™  far  as 

instances  offenders,  experieled  ^  '  t"*  f"^"''''  """^ 
authonfes.  The  14th  Section  of  the  Loc'  r  P^^cuting 
SKlerably  advanced  matters  by  rivinl  !„  T  «°^'"-nment  Act  con. 
««  Act,  and  by  providing  for  tSToL  "  ^  T""''  ^^"^  ""^er 
ment  Board  of  joint  commUtees  "^"nst.tution  by  the  Local  Govem- 
th.-ough  which  i  river, Tpart  rf 

powers  of  local  authorities  '  "  f^',  and  having  the 

'a>S  fot:  toly^taitrl™"  "  - 

injure  it  oHmpede  thelt:,";  ;  1741^  "'"^'^  "^"^ 

or  waste  steam,  or  water  m-  „n,     i.™™"'"'      any  chemical  refuse 

alone,  or  in  c^b  ^afen  ,vTth  J;:™'' '^^^^^^  "0°  ^^ok 
dangerous  to  health  ""^  """"o  ""i^ance  or  be 

o*^?7?Sta?iX*^''"-''""°"^  ^»  °f  Act 

connection  with  any  hou   "of  a''T'  P""'-"- 

privy,  and  an  Lhnrwith  ""*<"■-<='''»<".  earth-closet, 

authority  mav  re„„i  eoverings.  The 

in  faotois^ir  rtri:t^,TrrT™  't 

puLsory  i„  all  fn^f.  7  ''"^^i  provision  com- 

authority'r  ; J:,T:7,;7:^-  (^-^-^   39),   and  every 

kept  (Section  lo)     SecH     .i  f  ,   ""^  ^^'^  Properly 

etc.,  on  compltt  o  T''       examination  o^ch^n,^ 

oondition.s  ^Ti^izzi;:'' ^-^^y 

contrict  fl.  t,,e  '  no       ^°7"""«"^/o-cl.  nhall,  undertlie  «; 

tJ..  ren.o^al  of  liou.se  refuse,  the  cleansing  of  earth- 
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closets,  privies,  ashpits,  and  cesspools,  and  the  proper  cleansing  of 
streets  (Section  42).    Any  person  obstructing  the  removal  of  the 
matters  above  referred  to  is  liable  to  penalty,  and  the  local  authority, 
if  they  undertake  the  work,  are  made  liable  to  penalty  for  any  delay 
exceeding  seven  days  in  removing  refuse,  etc.,  after  written  notice 
from  the  occupier  of  a  house  (Section  43).  Where  the  local  authority 
do  not  themselves  undertake  such  work  they  may  make  by-laws 
imposing  the  duty  of  cleansing  and  removal  upon  the  occupier. 
Section  46  provides  for  the  purification  of  a  house,  in  such  a  filthy  or 
unwholesome  condition  as  to  endanger  health,  on  the  certificate  of  a 
medical  officer  of  health  or  of  two  medical  practitioners.    Section  47 
makes  it  unlawful  to  keep  swine  in  any  urban  district  so  as  to  be  a 
nuisance,  and  deals  with  waste  water  in  cellars  and  overflows  from 
water-closets,  cesspools,  etc.  . 

Sections  48,  49,  and  50  provide  for  the  cleansing  of  offensive 
ditches,  etc.,  the  removal  of  filth  on  the  certificate  of  the  inspector 
of  nuisances,  and  the  periodical  removal  of  manure  from  mews,  etc. 

Water  Supply.— General  powers  of  supplying  water  are 
given  to  the  local  authority  under  Section  51,  but  they  may  not 
construct  waterworks  within  the  limits  of  supply  of  any  company 
empowered,  by  Act  of  Parliament,  or  any  Order  confirmed  by  Parlia- 
ment, to  supply  water,  so  long  as  the  company  are  able  or  ^^;l^lng  to 
provide  a  proper  and  sufficient  supply  themselves  (Section  o_). 
Section  62  empowers  the  local  authority  to  require  that  houses 
without  a  proper  supply,  when  such  supply  can  be  furnished  at  a 
cost  not  exceeding  the  rate  authorised  by  any  local  Act,  or  twopence 
a  week,  or  such  other  cost  as  the  Local  Government  Board  may 
determine,  shall  be  furnished  with  such  supply.  Sections  68  and  6  J 
contain  provisions  for  the  protection  of  water.  Section  ,  0  prescribes 
the  procedure  to  be  adopted  for  the  purpose  of  closing  polluted 

wells,  etc.  „  , 

The  Public  Health  (Water)  Act,  1878,  makes  further  provis  on 
for  the  needs  of  rural  districts,  and  of  such  urban  districts  as  the 
Local  Government  Board  may  order  the  Act  to  be  expended  to. 
If  a  house  is  without  a  proper  water  supply,  and  the  authority  bnd 
that  such  supply  can  be  provided  for  a  reasonable  capital  outlay 
(the  interest  on  which,  at  5  per  cent.,  must  not  exceed  2d.  a  ^^  eek,  oi , 
if  the  Local  Government  Board  deem  it  desirable,  3d.  a  ^yeek),  tJie 
owner  may  be  required  to  provide  such  supply,  and  in  his  detault 
the  local  authority  may  carry  out  the  necessary  works  at  tlie  o^^^ler  s 
expense.  When,  however,  danger  arises  from  the  insufficiency  or 
unwholesomeness  of  an  existing  supply,  and  a  general  scheme  oi 
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Cellar  Dwelline-s  iSTn  n 

built  or  rebumsincel848  can  Tnl'  ^^^^^^^'g^-^^^d  room 

(Section  71),  and  no  cellar  latlr  ^n  ^  f  ^^-"-^ 

oo.pl.es  .itht^ef^^^^^^^^^  unless  it 

f-t  V/  i^  Z^U^Z'CT  Tr  three 
.ground  adjoin,^  o7«tl  ^^-^  -  ^^^^ 

Wte:;?^^^  ^cle  ..St  extend, 

^^^^^^^ 

There  must  be  appurtenant  to  the  cellar  a  proper  closet  and 

W  ^ni^X":^^^^^^  ^  ^  ^^-^-^ow  at 

back  cellar  let  or  o t       7  *°  "P^^"         ^^^^  ^'^^^e  of  a 

-ly  be  fT^r^;^^^^^^^^^^^  -"-'t^e  .indo.  need 

the'^thTsh'aVwt^^^^^^  -'^'^'^  -^P-on  passes 

meaning  of  this  Act     r         f  T'^^^'^^      ^  '^^'"''^^  ^^^'^ 
suffering  the  cellar   'n  K  i«  o"ly 

prohibited  and  f  fh!        """T"'^  ^  '^'^''^^^^^S  th.t  is 

to  prevent  its  bti       '  "'^^^^  ^'^^^^         i«  nothing 

tharX  t?o  "  '  ^^^Woom.    Section  75  provide! 

<^ellar  have  tale.  '"I  ''^"''^'''^  ''^^'^'^  occupation  of  a 

jurisdiction  lav  n  ^1  ".J"*^'"  ^  «f  «-^-ary 

deems  f?;         ^  ^e  closed  for  such  a  time  as  it 

the  Ime.  "  ^^^^^  ^^^-^^^     Pe™a"enti;  Is^ 

«9  of°™5  Acf^T^r'^  ''''''       Sections  76- 

over,  a  Lin  ^t'  ^'"^"'^^^"^^  1890  contains,  more- 

give  not  ce  of  ''^^'"^r^^'^P^^  "-^1«  *°  Pe"-lty  who  fails  to 
'on  SrofThe  1::^ ^  1  -factious  disease  as  required  b,  Sec- 
Houses  Art^^  ;  original  Common  Lodging- 
-nouses  Acts  of  18ol  and  1853  are  still  in  force  Th^a^  A.f 
administered  Ti-D- TD  T  r<  ■  .  ^"  ^orce.  IJiese  Acts  were 
iBtered  by  the  Police  Commissioners  until  1894,  Avhen  the  duty 
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was  transferred  to  the  London  County  CounciL  The  Acts  contain 
many  of  the  provisions  which  are  operative  throughout  the  country 
crenerally,  though  in  some  respects  London  is  placed  at  a  disadvantage 
owin-  to  the  fact  that  the  old  Statutes  have  not  been  amended.  In 
the  Public  Health  (Scotland)  Act,  1897,  certain  important  provisions- 
relating  to  common  lodging-houses  were  for  the  first  time  intro- 
duced—notably, such  houses  were  made  subject  to  annual  licence: 
a-ain,  a  common  lodging-house  was  defined  (Section  3)  as  "a 
house  or  part  thereof  where  lodgers  are  housed  at  an  amount  not 
exceeding  fourpence  per  night  for  each  person";  with  the  approval 
of  the  Local  Government  Board,  the  limit  fixed  may  be  dimmished 
or  raised,  but  not  so  as  to  exceed  sixpence. 

The  English  Acts  contain  no  definition  of  a  common  lodging- 
house  The  law  ofiicers  of  the  Cromi,  in  1853,  advised  that  the 
term  applied  "  to  that  class  of  lodging-houses  in  which  persons  of  the 
poorer  class  are  received  for  short  periods,  and,  though  strangers  to 
one  another,  are  allowed  to  inhabit  one  common  room,"  but  not  to 
"hotels,  inns,  public-houses,  or  lodgings  let  to  the  upper  and  middle 
classes "  In  a  later  opinion  it  was  explained  that  the  phrase 
"  stran-ers  to  one  another  "  was  meant  to  distinguish  "  lodgers  pro- 
miscuously brought  together  from  members  of  one  family  or  house- 
hold "  ;  and,  further,  question  having  been  raised  as  to  whether  letting 
for  a  week  or  longer  period  would  exclude  houses  other^vise  witlnn 
the  definition,  the  law  ofiicers  stated  that  they  regarded  the  "  penoa- 
of  letting  "  as  "  unimportant  in  determining  whether  a  lodging-house 
comes  under  the  Act  now  in  question." 

Several  important  decisions  have  in  recent  years  been  given  as 
regards  the  interpretation  of  the  term  "  common  lodging-house.  In 
Langdon  versus  Broadbent,  in  1878,  the  principle  was  laid  down 
that,  in  deciding  whether  a  particular  house  was  a  common  lodging- 
house,  regard  should  in  each  case  be  given  to  the  consideration 
whether  the  circumstances  of  occupation  were  such  that  super- 
vision by  the  local  authority  was  necessary  in  order  to  secure 
cleanliness,  ventilation,  good-ordering,  etc. 

In  Booth  versus  Ferrett,  1890,  it  was  held  that  a  Salvation 
Army  shelter,  not  carried  on  for  profit,  was  not  a  common  lodgmg- 
house.  In  1899  the  London  County  Council,  however,  raised 
question  with  regard  to  the  use  of  certain  premises,  among  wliich 
was  included  "  The  Harbour,"  Stanhope-street,  Strand,  a  Salvation 
Army  shelter.  A  summons  was  dismissed  on  the  ground  that  the 
Harbour  was  a  charitable  institution,  and  that  the  facts  were  not 
distinguishable  from  those  in  Booth  versus  Ferrett.  The  decision  m 
this  case  (Logsdon  versus  Booth)  was  appealed  against,  and  judgment 
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wa»^given  in  favour  of  the  Council  by  the  Lord  Chief  Justice  in 

R„!Ir  °°'         "'he  learned  jud^e,  in 

sake  ot  piofit,  but  as  a  humane  or  charitable  enterprise-  and 
second,  that  xt  was  not  open  to  all  comers,  as,  it  was  taied  1 
—  lodging-W^  With  regard  to  iheWstcl  teS^^^^^^^ 

Act     and  that  their  object  zs  to  secure,  by  inspection  and  control, 
foi  the  poor  zn  these  houses  "conditions  safeguarding  health  and 
preventing  the  spread  of  disease,  which  people  better^lf  are  sup 
waTnot'"    >f  ,  1--"    Again,  the  question 

on,  but  whether  the  house  is  such,  or  is  so  carried  on  as  a  lodging 
house,  as  to  be  ^vithin  the  provisions  of  the  Act,  as  it  is  clearly- 
within  the  mischief  aimed  at  by  the  Act."     "We  fail,"  Lord 
Ku.ssell  said,  "to  see  the  relevance  in  this  connection  of  the  motive 
actuatmg  the  keeper  of  such  a  house  whether  it  be  philanthropic  or 
mercenary.      Coming  now  to  the  second  contention,  the  need  of  dis- 
tinguishing, between  receiving  all  comers  without  discrimination 
and  saying  that  the  keeper  is  under  an  obligation  to  receive  all 
comers,  was  pointed  out ;  in  fact,  it  was  found  in  the  case  of  the 
Harbour  that  practically  all  comers  were  admitted.    The  conclusion 
was  therefore  arrived  at  that  Booth  versus  Perrett  was  wron-ly 
decided. 

A  further  test  case,  Logsdon  versus  Trotter,  Avas  also  decided  in 
tavour  of  the  Council  in  1 900.  Here  a  point  was  raised  (in  connection 
with  a  dormitory  divided  up  by  partitions)  with  regard  to  the  words, 
alloAved  to  inhabit  one  common  room."  The  decision  given  was 
that  the  house  was  a  common  lodging-house,  inasmuch  as  the  inmates 
were  "allowed  so  to  associate  with  one  another  as  to  make  the 
danger  of  insanitary  conditions  likely  to  arise  and  likely  to  spread." 

Section  76  of  the  Act  of  1875  requires  every  urban  and  rural 
a,uthority  to  keep  a  register  of  common  lodging-liouses,  and 
Section  77  prohibits  lodgers  being  received  in  unregistered  houses. 
Section  78  empowers  the  authority  to  require  a  certificate  of  cha- 
racter from  the  keeper,  and  provides  that  before  a  liouse  is  registered 
it  must  be  "inspected  and  approved  for  tlie  purpose  by  some  officer 
of  the  Sanitary  Authority."  For  the  principles  whicli  should  guide 
the  "  approving  officer  "  see  p.  281.  Section  79  requires  a  notice  of 
registration  to  be  affixed  to  the  common  lodging-house   if  the 
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•Sanitary  Authority  demand  it.  Section  81  deals  with  the  provision 
of  proper  water  supply,  and  Section  82  with  periodical  lime-washing. 
.Section  83  gives  power  to  order  reports  from  keepers  of  houses  in 
'which  vagrants  are  received.  Section  84  requires  the  keeper  to 
..give  notice  of  fever  and  infectious  disease  occurring  in  the  house. 
tSection  88  provides  that,  where  the  keeper  is  convicted  of  a  third 
•offence  under  the  Act,  the  court  may,  if  it  thinks  fit,  prohibit  him, 
for  a  period  not  exceeding  five  years,  from  keeping  a  common 
lodging-house  without  a  licence  from  the  Sanitary  Authority. 
Under  Section  80  the  duty  is  imposed  upon  the  authority  of  making 
t)y-laws  for  the  purpose  of  supplementing  the  provisions  of  the  Act 
(See  p.  566). 

Houses  let  in  Lodgings.— By-laws  under  Section  90  of  the 
Act  of  1875  were  only  operative  in  districts  in  which  they  had 
been  declared,  by  the  Local  Government  Board,  to  be  in  force. 
.Section  8  of  the  Housing  of  the  Working  Classes  Act,  1885, 
•made  the  preliminary  declaration  unnecessary  {See  p.  570). 

Nuisances. — "Whatsoever  unlawfully  annoys  or  does  damage 
to  another  is  a  nuisance,"  says  Blackstone,  and  he  instances 
stopping  "ancient  light"  as  a  private  nuisance,  and  placing  a 
gate  across  a  public  highway  as  a  common  or  public  nuisance.  In 
addition  to  such  "  nuisances  at  common  law,"  there  are  the  special 
■"  statutory  nuisances,"  which  either  cause,  or  are  likely  to  cause, 
injury  to  health,  and  which  come  ydthin  the  scope  of  the  Public 
Health  Acts.  Certain  kinds  of  nuisance  are  referred  to  in  special 
sections  of  the  Act  of  1875  {e.g.,  Sections  18,  19,  27,  40,  41,  49,  and 
50,  relating  to  sewers,  drains,  etc. ;  Section  44,  dealing  with  snow, 
•dust,  etc. ;  Section  47,  regulating  the  keeping  of  animals ;  and  Sections 
112—114,  Avhich  are  concerned  with  offensive  trades) ;  there  is,  further, 
the  general  nuisance  section  (Section  91),  which  defines  a  number  of 
•other  conditions  likely  to  injure  health  as  being  "  nuisances,"  which 
•can  be  dealt  with  summarily  under  the  Act.  These  conditions  are  :— 

(1)  Any  premises  in  such  a  state  as  to  be  a  nuisance  or  injurious 
to  liealth. 

(2)  Any  pool,  ditch,  gutter,  watercourse,  privy,  urinal,  cesspool, 
•drain,  or  ashpit,  so  foul  or  in  such  a  state  as  to  be  a  nuisance  or 
injurious  to  health. 

(3)  Any  animal  so  kept  as  to  be  a  nuisance  or  injurious  to 
health. 

(4)  Any  accumulation  or  deposit  which  is  a  nuisance  or  injurious 
to  health. 

(5)  Any  house   or  part  of  a  house,  so  overcrowded  as  to  be 
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™x:::rt.:::r t    °' - 

(6)  Any  factory,  Avorkshop,  or  work-place  (not  already  under  thp 
operation  of  any  general  Act  for  the  regulation  of  Loto  L 
bakehouses)  not  kept  in  a  cleanly  state,  or  not  ventilated   n  Zh  " 
manner  as  to  render  harmless,  as  far  as  practicable,  any'ts 
vapours,  dust,  or  other  impurities  generated  in  the  ciurse  of  he 
wk  earned  on  therein,  that  are  a  nuisance  or  injurious  to  healli 
or  so  overcrowded  while  work  is  carried  on  as  to' be  dLge  ^^^^^ 
injurious  to  the  health  of  those  employed  therein 

(7)  Any  fireplace  or  furnace  which  does  not,  as  far  as  practicable 
consume  the  smoke  arising  from  the  combustible  used  t^n,  atl' 

I  f      T        "''^'"^  «r  ^ill.  factory 

dyehouse,  brewery,  bakehouse  or  gaswork,  or  in  any  manuLturing 
or  trade  process  whatsoever;  and  any  chimney  (not  being  the 
tZo7       ^r"^"'"  clwelling-house)  sending  forth  black  smoke 

iTabw"  •l^^f  Y "  '^'^^  be  nuisances 

hable  to  be  dealt  with  summarily  in  the  manner  provided  by  this 

Two  saving  clauses  must  be  specially  noted  in  connection  with 

".  J'"  .  ^'^^'^'^y      P«^^%  under  the  heading 

7  accumulation  or  deposit  is  necessary  foi^ 

and     has  not  been  kept  longer  than  is  necessary  for  the  purposes 
ot  the  business  or  manufacture,  and  that  the  best  available  means 
ja>e  been  taken  for  preventing  injury  thereby  to  the  public  health." 
secondly  as  regards  (7),  the  complaint  shall  be  dismissed  if  it  is 
proved  that  the  fireplace  or  furnace  is  "  constructed  in  such  manner 
as  to  consume  as  far  as  practicable,  having  regard  to  the  nature  of 
the  manufacture  or  trade,  all  smoke  arising  tlierefrom,  and  that 
•such  fireplace  or  furnace  has  been  carefully  attended  to  by  the 
person  having  the  charge  thereof."    There  is  a  further  saA'ing  clause 
contained  m  Section  334,  which  relates  to  mines,  the  smelting  of 
ores  and  minerals,  and  the  calcining,  puddling,  etc.,  of  iron. 

Later  Acts  have  extended  the  definition  of  tlie  term  "nuisances." 
Thus,  filthy  and  overcrowded  tents  and  vans  are  included  under  the 
Housing  of  the  Working  Classes  Act,  1886 ;  unfenced  quarries 
by  the  Quarry  Fencing  Act  of  1887;  and  abandoned  coal  mines 
by  the  Coal  Mines  Regulation  Act  of  the  same  year.  Section  2  of 
the  Public  Health  (London)  Act,  1891,  substitutes,  it  should  be  noted, 
tor  the  words  "a  nuisance  or  injurious  to  health"  the  words  "a 
nuisance  or  injurious  or  dangerous  to  health." 

Section  16  of  the  Public  Health  (Scotland)  Act,  1897,  also 
includes  as  "nuisances"  any  premises,  07-  j,aH  thereof  of  such  a 
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construction,  or  in  such  a  state,  as  to  be  a  nuisance;  any  well  or 
Avater  supply ;  any  deposit  of  offensive  matter  (other  than  farmyard 
manure  or  spent  hops  from  breweries)  within  50  yards  of  any  public 
road,  or  standing  at  any  railway  station,  siding,  or  in  canal  boats ; 
any  schoolhouse  or  any  factory  not  subject  to  the  Factory  and 
Workshops  Acts,  1878-1895,  in  respect  of  cleanliness,  ventilation, 
and  overcrowding ;  and  any  churchyard  or  cemetery  so  situated  or 
so  crowded,  or  otherwise  so  conducted  as  to  be  off'ensive  or  injurious 
or  dangerous  to  health. 

Section  92  of  the  Public  Health  Act,  1875,  makes  it  the  duty  of 
the  local  authority  to  cause  their  district  to  be  inspected  for  the 
detection  of  nuisances.  Sections  189  and  190  require  that  every 
urban  authority  must  appoint  one,  and  every  rural  authority  one  or 
more  inspectors  of  nuisances.  Section  93  provides  that  information 
of  any  nuisance  may  be  laid  by  any  person  aggrieved  thereby,  by 
any  two  inhabitant  householders,  or  by  any  officer  of  the  authority, 
the  relieving  officer,  or  a  police-officer  in  the  district.  Section  94 
deals  \vith  the  service  of  notice,  to  abate  the  nuisance  within  a  time 
specified,  upon  the  person  "  by  whose  act,  default,  or  sufferance  the 
nuisance  arises  or  continues,  or,  if  such  person  cannot  be  found,  on 
the  owner  or  occupier  of  the  premises  on  which  the  nuisance 
arises."  If  the  nuisance  result  from  some  structural  defect  the  notice 
must  be  served  on  the  owner,  and  where  the  person  causing  the 
nuisance  cannot  be  found,  and  the  nuisance  does  not  arise  or 
continue  by  the  act,  default,  or  sufferance  of  the  o^raer  or  occupier 
of  the  premises,  the  local  authority  may  themselves  abate  the  same 
without  further  order.  Section  255  relates  to  nuisance  caused  by 
the  act  or  default  of  two  or  more  persons. 

Section  96  provides  that  the  court  adjudicating  upon  the  alleged 
nuisance,  in  the  event  of  non-compliance  with  the  notice  of  the 
authority,  may  make  an  abatement  order  or  an  order  prohibiting 
the  recurrence  of  the  nuisance,  non-compliance  with  which  involves 
liability  to  penalty ;  the  order  may  direct  the  execution  of  works, 
and  must  then  specify  what  works  are  necessary.  In  cases  where 
the  nuisance  renders  a  dwelling  unfit  for  human  habitation  a  closing 
order  may  be  made,  this  order  may  be  determined  when  the 
dwelling  has  been  rendered  habitable  :  there  is  an  appeal  to  quarter 
sessions  against  the  order  of  the  court.  Section  102  gives  power  of 
entry  to  the  local  authority  or  its  officers  for  the  purposes  of 
examining  as  to  the  existence  of  any  nuisance.  In  case  of 
refusal,  complaint  must  be  made  to  a  justice,  who  may  make  an 
order  for  admission. 

Section  107  relates  to  cases  in  w)iich  the  local  authority  elect 
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108  give»  p„„,,.  r„  prln        '  Section 

without  the  district  ■  lection  n  o  %  """"^  "ri^^s 
ships  or  vessels  withL  «  e  Iti^^^  "  f-j"'  P-vision  a.  to 

n.acle  subject  to  the  sanae  ju     hcti™  »"  tf 

such  district.  nsaictwn  as  if  they  were  houses  within 

thet  It:   I'rssV:;!?;':*^     ""^^  ^--^-^^ 

section  299  conipla  Z;\*e  ZIT^' ^''l''"^'-  ^""^^ 
Board  that  the  local  authoritt  1  ,    ,      ^""^  Government 

if  .atisiied  that  trL:  Sit,.  fouLI^:'''  Board, 

enforceable  by  mandamn.  v.  bounded,  may  make  an  order, 

cumbersome,  and  the  authority  wh  u  ^Trtd   to^X  " 

.™t.rr:^;:ot  i""^ "  paii"t:'di::t:,r:: 

actiL  is  that  p^r^lLdtruSLZttf  m    t  T"' 

Local  Government  Board  tn     H  '  ""'Powers  the 

within  the  distrt  of  tl  dluulr  '"VT'  °'  '"'''^ 

r^rtiT r  ^^---^  '^^^  ~  f^tr arth:ri^"H:'r 
:n:t:ini"r::ed  rttrcrti  V----^ 

of  the  dist  icT   or  a„v  „      ^  T '">^' 

institute  Troc  «lL,  ^ 

adjourn  thV  Ll  Tnecc™  2"  ""■""'r? 

he  made,  and  mav  ^  ™'"at.on  of  the  premises  to 

person  for  the  ^^^^cl    "''^  1-  ""^  """^'^"^ 

person  may  further  .       /       exaramation.    Such  constable  or 

recover  exTen  es  ftl  r       ""^  "'"l'  """"" 

London  and  T„         *  °"  order  is  made.  In 

Offensive  Trades.- Section  112  of  the  Act  of  i«« 
offensrve  trades  as  being  those  of  "  blood  boiltr  bone  boLrlr 

to  establish  a:;'rh';t  tz:r:rr 

the  consent  in  writin</  nf        i     i      .1     •       "-^  ^\•^thout 
writing  of  the  local  authority.    Section  19  of  tJie 
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Public  Health  (London)  Act,  1891,  makes  it  illegal  (a)  to  establish 
anew  "  the  business  of  a  blood  boiler,  bone  boiler,  manure  manufac- 
turer, soap  boiler,  tallow  melter,  or  knacker " ;  and  (6)  to  establish 
anew'  without  the  sanction  of  the  county  council,  "  the  business  of 
fellmonger,  tripe  boiler,  slaughterer  of  cattle  or  horses,  or  any  other 
business  which  the  county  council  may  declare  by  order,  confirmed 
by  the  Local  Government  Board,  and  published  in  the  London 
Gazette,  to  be  an  oflfensive  business."  The  subject  of  offensive 
businesses  has  already  been  referred  to  (p.  71).  Section  113  of 
the  Act  of  1875  empowers  sanitary  authorities  to  make  by-laws 
with  respect  to  offensive  trades,  and  Section  19  of  the  London  Act 
confers  a  like  power  on  the  London  County  Council. 

Section  114  of  the  Act  of  1875  (and  the  corresponding  section  [21] 
of  the  London  Act)  give  power  to  local  authorities  to  deal  with  any 
of  the  following  premises,  from  which  effluvia  are  evolved,  which  are 
certified  by  the  medical  officer  of  health,  or  two  legally  qualified 
medical  practitioners,  or  ten  inhabitants  of  a  district,  to  be  a  nuisance 
or  injurious  to  health.  The  premises  referred  to  are :  "  Any  candle 
house,  melting  house,  melting  place,  or  soap  house,  or  any  slaughter 
house,  or  any  building  or  place  for  boiling  offal  or  blood,  or  for 
boiling,  burning,  or  crushing  bones,  or  any  manufactory,  building, 
or  place  used  for  any  trade,  business,  process  or  manufacture, 
causing  effluvia."  On  such  certification  being  made,  it  is  the  duty  of 
the  local  authority  to  take  proceedings,  and  the  offender  is  Uable  to 
a  penalty  not  exceeding  £5,  unless  he  can  show  that  he  has  used  the 
best  practicable  means  for  abating  the  nuisance,  or  preventing  or 
counteracting  the  effluvia.  (In  London  the  fine  must  not  exceed 
£50.)  Section  115  of  the  Act  of  1875  (Section  21  of  the  London 
Act)  gives  power  to  authorities  to  take  action  in  cases  in  which 
nuisance  is  caused  in  their  districts  by  offensive  trades  carried  on  in 
premises  situated  beyond  the  limits  of  the  district. 

Unsound  Meat,  etc.— Section  116  provides  that— "Any  medical 
officer  of  health,  or  inspector  of  nuisances,  may  at  all  reasonable 
times  inspect  and  examine  any  animal,  carcase,  meat,  poultry,  game, 
flesh,  fish,  fruit,  vegetables,  corn,  bread,  flour  or  milk  exposed  for 
sale,  or  deposited  in  any  place  for  the  purpose  of  sale,  or  of 
preparation  for  sale,  and  intended  for  the  food  of  man,  the  proof 
that  the  same  was  not  exposed  or  deposited  for  any  such  purpose, 
or  was  not  intended  for  the  food  of  man,  resting  with  the  party 
charged  ;  and  if  any  such  animal,  carcase,  meat,  poultry,  game, 
flesh,  fish,  fruit,  vegetables,  corn,  bread,  flour,  or  milk,  appears  to 
such  medical  officer  or  inspector  to.  be  diseased,  or  unsound,  or 
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unwholesome,  or  unfit  for  the  f    J  f 
a^™y  the  same  himself  or  hv  "l 

dealt  with  by  a  jurtice >  '»  i""™  ™e. 

nott:;s:';f:::;S^Tp"i^r°™'        ^i^-e  are 

have  been  a IreadyToW    '^Ti  e  l^T  '"l^™  """e  articles. 

Act,  1890,  extends   he  powe   to  Lto  ^^'^  Amendmeut 

intended  for  the  food  of  T       !f   P'-o<=eedmgs  to  all  articles. 

«  for  the'^otdltrof^n/IrtT^^^^ 

previous  seizure.  *^  *  J^^^^^e  without 

a„d%ti:L"ii;;rt^dt'fotc?f  '"t^  ^ 

tion  of  anv  flrfiVlo  c,  •    J       onciemnation  by  a  justice,  and  destruc- 
exceedin<.i9o  t^  L  ^"'^  imposition  of  a  penalty  not 

montt  ^  tct'ion  I  sT^rTt      ^  thre 
oiib.     section  15  of  the  Markets  and  Fairs  Clauses  Aft  181^ 
Avhich  IS  incorporated  Avith  the  Act  of  187^   ^  ^^^uses  Act,  1847, 

b..a„  .r  *rsa^^ru::s:,~^^^^^^^^^^^^ 

meat,  sausages,  etc.,  under  conditions  in  which  the  orfl^ 

flesh  etc.,  RegukcUon  Act,  1889,  prohibits  "the  sale  of  horseflesh 
for  human  food  elsewhere  than  in  a  shop,  stall,  or  place  ^Jer  or 
upon  whxch  there  shall  be  at  all  times  patted,  posted,  Jplae  I  I 
egzble  characters,  of  not  less  than  four  inches  in  length,  and  " 
conspicuous  position,  and  so  as  to  be  visible  throughout  th  w  ol 
tnne  whether  by  night  or  day,  during  which  such  horslfl:  . 
be  ng  offered  or  exposed  for  sale,  words  indicating  that  horseflesh  is 

fold  to""  r'^'^*^  '^'^ 

other  th        ^''Tr^"        "'^''^  *°       ^"PP^^^^^  ^"t^^  meat 

tharh„r.:r^  ^  ^^^^^  ^^^^  ^^^p^^^^    «^  ^-d  other. 


Infectious  Diseases.^Sections  120  to  130  relate  to  disin- 
tection,  etc.,  and  they  are  supplemented  and  amended  in  certain 
important  particulars  by  the  Infectious  Diseases  (Prevention), 
Act,  1890.  Section  120  makes  it  tJie  duty  of  the  local  authority 
to  cause  premises  to  be  cleansed  and  disinfected.    The  procedure- 
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detailed  is  cumbersome,  and  Section  5  of  the  Act  of  1890  substi- 
tutes other  pi-ovisions  which  are  more  effectual.     On  a  certificate 
of  the  medical  officer  of  health,  or  other  registered  practitioner, 
■the  clerk  to  the  authority  gives  written  notice  that  the  premises 
^vill  be  cleansed  and  disinfected  by  the  authority,  at  the  cost  of  the 
occupier  or  owner,  unless  the  said  occupier  or  owner,  within  twenty- 
four  hours,  replies  stating  that  he  will  do  the  Avork  himself  to  the 
satisfaction  of  the  medical  officer  of  health.    Where  the  o^vner  or 
■occupier  is  unable  to  eff'ectually  cleanse  or  disinfect  the  house,  this 
may  be  done  without  notice  by  the  officers,  and  at  the  cost,  of  the 
local  authority.    Penalties  are  provided  in  cases  of  exposure  of 
infected  persons  and  things,  for  failing  to  disinfect  public  convey- 
.ances,  for  letting  houses  in  which  infected  persons  have  been  lodging, 
.and  in  the  event  of  persons  making  false  statements  (in  connection 
vnth.  such  letting)  as  to  infectious  disease.    Moreover,  persons,  who 
■  cease  to  occupy  houses  in  which  there  has  been  infectious  disease 
within  a  period  of  six  weeks,  \vithout  previous  disinfection  or  first 
giving  notice  to  the  owner,  or  who  make  false  answers,  with  regard 
to  the  matter,  are  also  liable  to  penalty. 

The  local  authority  may  destroy  infected  bedding,  etc.,  and  give 
•compensation;  they  may  provide  a  disinfecting  apparatus*  and 
.disinfect  free  of  charge,  they  may  prpvide  an  ambulance,  and, 
in  cases  where  a  person  is  suff"ering  from  any  dangerous  infectious 

•  disease,  and  is  without  proper  lodging  or  accommodation,  or  lodged 
in  a  room  with  more  than  one  family,  or  is  on  board  any  ship  or 
-vessel,  a  justice  may  make  an  order  (on  the  certificate  of  a  medical 
practitioner)  for  the  compulsory  removal  of  such  person  to  a  hospital 
within  a  convenient  distance.  A  person  lodged  in  a  common 
lodging-house  may  be  similarly  removed  at  the  instance  of  the 
local  authority. 

Section  130  empowers  the  Local  Government  Board  to  make 
regulations,  as  to  the  treatment  of  persons  affected  witli  cholera 

•  or  other  epidemic  disease  and  for  preventing  the  spread  of  the 
:same,  and   to   declare   by  what   authority  or   authorities  sucli 

regulations  may  be  enforced.     Section  134  empowers  the  Board 

*  In  London  the  provision  of  "  proper  premises  with  all  necessary  attend- 

•  ance  for  the  destruction  and  for  the  disinfection,  and  carriages  or  vessels 
■  for  the  removal,"  of  infected  articles  is  made  obligatory  upon  the  Sanitary 

Authority.  The  authority  must,  moreover,  provide  temporary  shelter  or 
house  accommodation  for  persons  compelled  to  leave  their  dwellings  while 
-the  process  of  disinfection  is  in  progress.  Such  provision  is  only  required, 
.outside  London,  in  places  where  the  Infectious  Diseases  (Prevention)  Act, 
.1890,  is  in  force. 
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to  make  regulations  whenever  any  part  of  England  appears  to  be 
threatened  with,  or  is  affected  by,  any  formidable  epidemic, 
endemic,  or  infectious  disease  for  the  following  purposes : — 

(1)  For  the  speedy  interment  of  the  dead. 

(2)  For  house-to-house  visitation. 

(3)  For  the  provision  of  medical  aid  and  accommodation ;  for 
the  promotion  of  cleansing,  ventilation,  and  disinfection ;  and  for 
guarding  against  the  spread  of  disease. 

The  Public  Health  Act,  1896,  repealed  the  old  Quarantine  Act  of 
1825,  and  extended  the  powers  of  the  Local  Government  Board  as- 
regards  making  Orders  under  Sections  130  and  134.  Moreover,  the 
Public  Health  Ports  Act,  1896,  authorised  the  Local  Government 
Board  to  apply  the  Infectious  Diseases  (Prevention)  Act,  1890,  to 
any  port  sanitary  district. 

The  eai'lier  Orders  issued  by  the  Board  contained  provisions  to  be 
exercised  by  the  officers  of  Customs  (with  the  consent  of  the 
Commissioners  of  Customs),*  as  well  as  by  the  officers  of  port 
sanitary  authorities.  On  the  repeal  of  the  old  Quarantine  Act 
the  Board  issued  in  1896  the  Order  now  in  fox'ce,  which  contains 
Regidations  as  to  Cholera,  Yellow  Fever,  and  Plague,  of  which 
the  following  summary  may  be  given  : — 

Every  Port  Sanitary  Authority  must  provide  a  place  for  mooring, 
at  which  persons  can  be  landed  from  ships  "  coming  foreign  "  Avhicli 
are  infected,  and  must  provide  for  the  reception  of  actual  or  suspected 
cases  of  cholera,  yellow  fever,  or  plague.  An  "infected"  ship  is 
one  on  which  there  has  been,  while  in  the  port  of  departure  or  on 
the  voyage,  a  case  of  one  of  the  above-named  diseases,  and  any  such 
ship  must  fly  a  black  and  yellow  flag  when  within  three  miles  of  the 
coast  of  England  or  "Wales.  The  Customs  officer  must  ascertain 
whether  each  ship  arriving  is  infected,  and  if  there  is  reason  to 
believe  it  is,  or  if  it  has  come  from  an  infected  port,  he  must  obtain 
a  written  statement  from  the  surgeon,  if  there  be  one,  or  from  the 
master  of  the  vessel.  If  he  finds  the  ship  infected  he  must  oi'der  it 
to  be  anchored,  and  give  notice  to  the  port  authority. 

The  medical  officer  of  health  must  visit  any  sliip  concerning  which 
he  receives  information,  and  may  visit  any  ship  from  an  infected . 
port.  If  he  finds  the  ship  infected  he  must  cause  it  to  moor  in 
the  appointed  place,  and  examine  every  person  on  board.  Persons 
suffering  from  one  of  the  diseases  named  must  be  removed  to 
hospital,  and  suspects  may  be  detained  either  on  tlie  ship,  or  in 


♦  Before  the  Public  Health  Act,  1896,  came  into  force  the  Privy  Council, 
aided  by  officials  of  the  Board  of  Trade,  was  the  Quarantine  Authority. 
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some  place  provided  by  the  authority,  for  not  more  than  two  days. 
Other  persons  are  permitted  to  land  on  satisfying  the  medical 
officer  of  health  as  to  their  place  of  destination,  and  their  names 
and  addresses  are  transmitted  to  the  Sanitary  Authority  of  the 
district  in  which  such  destination  is  situate. 

The  medical  officer  of  health  must  give  directions  as  to  any 
steps  necessary  for  preventing  the  spread  of  infection,  as  to  the 
disinfection  or  destruction  of  clothes,  etc.,  and  he  may  order  bilge 
water  to  be  pumped  out  before  the  ship  enters  dock,  and  may 
cause  water-ballast  tanks  to  be  sealed,  and  tanks  containing  drinking 
water  to  be  emptied  or  cleansed.  In  the  event  of  a  fatal  case 
occurring  on  board,  the  master  must  bury  the  body  at  sea  or 
deliver  it  to  the  port  authorities  for  interment.  If  a  vessel, 
though  not  infected,  has  passengers  on  board  who  are  in  a  filthy 
or  otherwise  unwholesome  condition,  such  persons  shall  not  be 
allowed  to  land  until  they  have  satisfied  the  medical  officer  of 
health  as  to  their  place  of  destination.  The  Sanitary  Authority 
of  the  place  in  which  such  place  of  destination  is  situate  is  then 
communicated  with,  as  aforesaid. 

Orders  have  been  from  time  to  time  issued  by  the  Local  Govern- 
ment Board  prohibiting  the  importation  of  rags  from  infected  ports. 
In  1900  an  Order  was  made  declaring  plague  a  notifiable  disease ; 
again,  in  1901,  an  Order  was  issued  on  the  subject  of  rats,  in 
connection  with  vessels  coming  from  ports  infected  mth  plague. 
In  1893,  when  there  was  a  threatened  prevalence  of  cholera, 
epidemic  regulations  were  made  under  Section  134  by  the  Board. 
Two  Orders— the  Grimsby  and  Cleetliorpes'  Orders  of  September  1 
and  6,  1893— were  issued;  they  provided,  inter  alia,  for  daily  meet- 
ings of  the  local  authorities  or  their  committees,  the  appointment  of 
medical  visitors,  etc.,  the  opening  of  dispensaries,  the  speedy  inter- 
ment of  the  dead,  and  the  furnishing  of  daily  returns  to  the  Local 
Government  Board. 

Prohibition  of  the  Supply  of  Infected  Milk.— Jn  peaces  in 
which  the  Infectious  Diseases  (Prevention)  Act,  1890,  is  m 
force  powers  for  this  purpose  can  be  exercised.  Section  4 
of  the  Act  provides  that  where  the  medical  officer  of  health 
has  reason  for  believing  that  infectious  disease  in  his  district 
is  attributable  to  milk  from  any  dairy,  whether  witlnn  or  without 
the  district,  he  may,  if  authorised  by  a  justice  having  jurisdiction  in 
the  place  wliere  the  dairy  is  situate,  inspect  the  dairy,  and,  if 
accompanied  by  a  veterinary  surgeon,  the  animals  therein.  If  on 
such  inspection  he  concludes  that  the  infectious  disease  is  caused  by 
the  milk  he  must  report  to  his  authority,  who  may  then  summon 
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the^  daiiymau  to  appear  to  show  cause  why.  the  supply  of  milk  in 
their  district  should  not  be  prohibited.  If  he.  fail  to  show  such 
cause  the  authority  may  order  accordingly,  and  non-compliance 
then  renders  the  dairyman  liable  to  a  penalty  not  exceeding  £5, 
and  if  the  offence  is  repeated  to  a  further  penalty  not  exceeding  forty 
shillings  a  day  so  long  as  the  ofience  continues. 

The  London  Act  contains  provisions  similar  to  these,  and  some- 
what more  comprehensive  powers  are  given  in  the  Scotch  Act. 
The  procedure  detailed  above  will  be  seen  to  entail  much  delay,  and 
the  penalty  for  non-compliance  ^vith.  an  order,  if  made,  is  a  small  one ; 
moreover,  there  is  no  requirement  that  a  milk  vendor  shall  furnish 
information  vnth  regard  to  his  sources  of  supply,  or  that  he  shall 
provide  the  medical  officer  of  health  with  lists  of  his  customers. 
The  section  much  needs  amendment.  In  practice  the  dairyman,  in 
order  to  safeguard  his  own  interests,  is  usually  prepared  to  stop  the 
supply  of  infected  milk,  without  Avaiting  for  the  above-mentioned 
formalities  to  be  complied  ^vith.  In  the  event,  however,  of  the 
dairyman  not  being  willing  to  take  action  on  the  advice  of  the 
medical  officer  of  health,  an  infected  supply  can,  in  the  existing 
state  of  the  law,  be  distributed  with  impunity  for  a  number  of 
•days,  pending  the  necessary  technicalities  detailed  above  being 
•observed,  with  a  view  to  the  order  being  issued. 

The  special  clauses  obtained  by  certain  towns  with  respect  to 
the  milk  of  cows  affected  with  tubercular  disease  of  the  udder,  and 
the  powers  of  control  over  dairies,  cowsheds,  etc.,  conferred  upon 
Sanitary  Authorities  under  the  Contagious  Diseases  (Animals) 
Acts,  will  be  later  referred  to  (See  Dairies  and  Cowsheds'  Orders, 
p.  577). 

Cleansing  of  Persons  Act,  1897. — This  Act  may  be  mentioned  here, 
although  it  does  not  relate  to  the  infectious  diseases  wliich  have 
been  the  subject  of  consideration  in  the  preceding  paragraphs,  but 
with  the  question  of  the  destruction  of  vermin.  The  Act  empowers 
a  local  authority  to  expend  money  in  providing  buildings,  appliances, 
and  attendants  with  the  object  of  cleansing  the  bodies,  and  disinfect- 
ing the  clothing,  of  verminous  persons  who  may  make  application  to 
have  this  service  performed.  It  was  urged  when  the  Bill  was  before 
Parliament  that  little  use  would  be  likely  to  be  made  of  the  facilities 
afforded,  inasmuch  as  those  in  need  of  cleansing  would  be  unwilling 
to  acknowledge  that  they  were  verminous  persons.  In  tlie  borough 
of  Marylebone,  however,  the  Act  has  been  put  in  force  for  some 
years,  the  appliances  provided  have  been  extensively  used,  and 
great  benefit  has  resulted  from  the  exercise  of  tlie  powers  conferred 
on  the  authority. 
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Baths  and  Washhouses.— The  Act  of  1846  first  facilitated 
the  provision  of  public  baths  and  washhouses,  subject  to  the  approval 
of  the  Secretary  of  State.  In  1871  the  Local  Government  Board 
was  made  the  approving  authority  in  regard  to  such  matters.  Section 
10  of  the  Act  of  1875  enables  urban  authorities  to  act,  under  the 
various  Statutes,  to  the  exclusion  of  other  authorities.  The  London 
Government  Act,  1898,  places  the  control  of  baths  and  washhouses 
in  the  hands  of  borough  councils. 

Hospitals.— Sections  131  to  133  of  the  Act  of  1875  relate  to 
hospital  provision.  Any  local  authority  may  build,  or  contract  for 
the  use  of,  hospitals,  and  authorities  may  combine  for  the  purpose ; 
further,  the  expenses  of  maintenance  may  be  recovered  from  a 
patient  who  is  not  a  pauper. 

The  Isolation  Hospitals  Acts,  1 893  and  1901.  The  object  of  the  Act 
of  1893,  Lord  ThringV:  Act,  was  the  promotion  of  the  establishment 
of  isolation  hospitals.     It  does  not  apply  to  London,  to  county 
boroughs,  to  any  borough  with  a  population  of  10,000  without  the 
consent  of  the  borough  council,  or  to  any  borough  vdth.  a  smaller 
population  without  the  like  consent,  or  unless  the  Local  Govern- 
ment Board  direct  that  the  Act  shall  apply  to  such  borough. 
Certain  limited  powers  are  given  by  the  Act  to  county  councils 
enabling  them  to  provide  hospitals,  or  to  cause  them  to  be  pro^-ided. 
The  county  council  may  cause  local  inquiries  to  be  held  for  the  pur- 
pose of  constituting  "hospital  districts,"  comprising  one  or  more 
local  areas.     If  any  local  authority  object  to  being  included  in  a 
hospital  district  there  is  a  right  of  appeal  to  the  Local  Government 
Board.     For  the  management  of  the  hospital  a   committee  is 
constituted  by  the  county  council,  and  if  the  cost  of  the  hospital  is 
in  part  paid  from  the  county  fund  the  committee  may  consist  wholly, 
or  in  part,  of  county  councillors.     Otherwise  it  will  be  composed 
entirely  of  local  representatives.    The  committee  may  undertake  tlie 
training  of  nurses,  and  may  charge  for  their  attendance  outside  the 
hospital.    An  ambulance  or  ambulances  must  be  provided,  and,  if 
practicable,  the  hospital  must  be  "in  connection  with  the  system 
of  telegraplis."  The  amending  Act  of  1 901  removed  certain  difficulties 
experienced  by  hospital  committees  under  the  original  Act. 

Mortuaries.— Sections  141  to  143  of  the  Act  of  1875  relate 
to  mortuaries.  The  local  authority  may,  and,  if  required  by  the 
Local  Government  Board,  must,  provide  a  mortuary,  and  may 
make  by-laws  for  its  management  (See  p.  573).  Section  142  pro- 
vides that  where  the  dead  body,  of  one  who  has  died  of  any  infec- 
tious disease  is  retained  in  a  room  in  wliich  persons  live  or  sleep,  or 
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where  any  dead  body  which  is  in  such  a  state  as  to  endanger  the 
health  of  the  inmates  of  the  same  house  or  room,  ie  retained  in  such 
house  or  room,  any  justice  may,  on  a  certificate  signed  by  a  legally 
qualified  medical  practitioner,  order  the  body  to  be  removed  at  the 
cost  of  the  local  authority  to  any  mortuary  provided  by  such 
authority,  and  direct  the  same  to  be  buried  within  a  time  to  be  limited 
by  such  order.  If  the  friends  fail  to  bury  the  body  the  relieving  officer 
must  do  so  at  the  expense  of  the  poor  rate,  and  he  may  recover 
the  cost  from  any  person  legally  liable  to  pay  the  expense. 
Section  143  empowers  a  local  authority  to  provide  a  place  for 
post-mortem  examinations,  otherwise  than  at  a  workhouse  or  at  a 
mortuary  (^See  p.  574).  In  places  in  which  the  Infectious  Diseases 
(Prevention)  Act,  1890,  is  in  force  it  is  further  provided  that  the  body 
of  a  person  who  has  died  of  any  infectious  disease  shall  not,  without 
a  certificate  from  the  medical  officer  of  health,  or  a  registered 
medical  practitioner,  be  retained  for  more  than  forty-eight  hours, 
save  in  a  mortuary  or  in  a  room  which  is  not  being  used  at  the  time 
as  a  dwelling-place,  sleeping-place,  or  workroom.  Further,  no 
such  body  must  be  conveyed  in  any  public  conveyance  (other  than 
a  hearse)  without  due  warning  being  given  to  the  owner  or  driver, 
who  must  forthwith  provide  for  disinfection. 

The  "sanitary  provisions"  of  the  Act  of  1875  are  for  the  most 
part  contained  in  Part  III.  of  that  Act :  the  sections  relating  to 
default  of  local  authorities  will  be  found  in  Part  IX.,  wMch 
hAs  concern  Avith  the  functions  of  the  Local  Government  Board  : 
Part  VIII.  of  the  Act  contains  provisions  as  to  combination  of 
Sanitary  Authorities  for  the  appointment  of  a  medical  officer  "! 
health,  and  as  to  the  union  of  districts  for  certain  sanitary  purposes ; 
there  are  also  sections   dealing   with   Port  Authorities. 

Part  lY.  contains  a  number  of  "  local  government  provisions  "  of 
sanitary  importance.  These,  in  so  far  as  they  relate  to  new  streets 
and  buildings,  have  been  already  referred  to  (Chap.  VII.).  Certain 
sections  of  the  Towns  Improvements  Clauses  Act,  incoi'porated  in 
Section  160  of  the  Act  of  1875,  give  the  surveyor  of  an  urban 
autliority  powers  of  control  over  dangerous  structures. 

Slaughter-houses,  etc.,  are  referred  to  in  sections  166  to  170 
of  Part  IV.  Section  166  empowers  an  urban  authority  to  provide 
markets,  and  Section  169  enables  such  an  authority  to  construct 
abattoirs  or  slaughter-houses,  and  if  they  do  so  they  must  make 
by-laws  with  respect  to  management  and  charges.  They  may, 
moreover,  license  slaughter-houses  and  knackers'  yards  not  used  at 
the  time  of  the  passing  of  the  Act,  and  they  must  register  all 
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establishments  of  the  kind  in  question.  The  owner  or  occupier 
of  any  slaughter-house  must  exhibit  a  notice  in  a  conspicuous 
part  of  his  premises  indicating  that  the  place  is  used  as  a 
"  licensed  slaughter-house  or  registered  slaughter-house,"  as  the  case 
may  be.  Licences,  it  should  be  observed,  are  not,  under  this  Act, 
annually  renewable,  but  are  granted  once  for  all.  The  duty  of 
making  by-laws  with  respect  to  slaughter-houses  and  knackers'  yards 
is  imposed  on  all  urban  authorities.  Any  person  convicted  of  killing 
or  dressing  any  cattle  contrary  to  the  provisions  of  the  Public  Health 
Act,  or  convicted  under  any  by-law,  is  liable  to  have  his  licence  sus- 
pended, by  the  court  convicting  him,  for  two  months  or  less,  and  in  • 
the  case  of  a  second  offence  the  licence  may  be  entirely  revoked. 

In  places  where  the  Public  Health  Acts  Amendment  Act,  1890, 
is  in  force  it  is  further  provided  that  licences  granted  after  the 
adoption  of  that  Act  shall  remain  in  force  only  for  such  period,  not 
being  less  than  a  year,  as  the  authority  shall  specify;  moreover, 
change  of  occupancy  of  a  licensed  slaughter-house  must  be  notified ; 
and,  further,  a  court  may  revoke  the  licence  of  any  occupier  of  a 
licensed  slaughter-house  who  is  convicted  of  any  offence  imder  Sec- 
tions 116  to  119  of  the  Act  of  1875,  Avhich  relate  to  unsound  meat. 

Parks,  Open  Spaces,  and  Commons.— Section  164  of 

the  Act  of  1875  empowers  urban  authorities  to  provide,  and  to 
make  by-laws  regulating,  public  parks  and  pleasure  grounds.  Under 
the  Amendment  Act  of  1890  their  powers  in  regard  to  this  matter 
are  further  extended.  Section  8  of  the  Local  Government  Act, 
1894,  confers  the  powers  given  under  Section  164,  with  regard  to 
•village  greens,  etc.,  on  parish  councils.  The  Open  Spaces  Act, 
1887,  enables  authorities,  with  the  consent  of  the  Local  Government 
Board,  to  acquire,  maintain,  and  regulate  open  spaces,  including  dis- 
used burial  grounds.  In  London  tlie  Metropolitan  Open  Spaces  Acts 
of  1877,  1881,  and  1887  confer  special  powers  on  the  London  County 
Council,  the  City  Corporation,  and  local  authorities  {See  p.  272). 

Notification  of  Infectious  Disease.— The  steady  groNrth  of 

appreciation  of  the  value  of  the  results  obtained  by  the  system  of 
notification  of  infectious  diseases  has  been  a  remarkable  feature  in 
.the  history  of  the  development  of  preventive  medicine  during  the 
last  twenty  years.  Information  concerning  the  occurrence  of  such 
disease,  first  became  available  in  connection  A\'ith  the  administration 
of  the  poor  law,  as  has  been  already  noted  {See  p.  509) ;  after  a  time, 
such  illness  if  developed  in  common  lodging-houses,  canal  boats, 
registered  tenement  houses,  etc.,  was  made  notifiable  to  the  local 
authority.    Certain  enterprising  towns,  by  obtaining  special  powers 
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under  local  Acts,  made  it  evident  that  it  was  practicable  to  extend 
notification  requirements  to  the  general  population,  and  at  length 
the  Infectious  Disease  {Notification)  Act,  1889,  was  passed.  This 
Act  was,  as  a  tentative  step,  made  an  "adoptive  Act"  (notifi- 
cation was,  however,  made  compulsory  in  London).  The  operation 
of  the  Act  of  1889  was  gradually  extended  during  "the  nineties" 
in  various  parts  of  the  country  in  which  local  Acts  were  not  already 
in  foi-ce,  and  at  length,  in  1899,  notiiication  was  brought  into 
operation  throughout  the  whole  of  England  and  Wales. 

The  Act  of  1889  scheduled  certain  diseases — small-pox,  cholera, 
diphtheria,  and  membranous  croup,  erysipelas,  scarlet  fever,  typhus 
feA' er,  enteiic  fever,  continued  fever,  relapsing  fever,  and  puerperal 
fever — the  local  authority,  witli  the  consent  of  the  Local  Government 
Board,  being  empowered  to  add  to  the  number  of  notifiable  diseases. 
The  duty  of  notifying  was  imposed  on  "every  medical  practitioner 
attending  on,  or  called  in  to  visit,  the  patient,"  the  notification  was 
to  be  made  to  the  medical  ofiicer  of  health  of  the  district,  and  a  fee 
of  half-a-crown  was  to  be  paid  for  each  certificate  relating  to  a 
private  patient,  and  a  fee  of  one  shilling  for  cases  attended  in  the 
course  of  public  practice.  A  similar  duty  was  imposed  on  the  head 
of  the  family,  or  in  his  default  on  the  nearest  relatives  of  the 
patient  present,  or  in  their  default  on  any  person  in  charge  of  or  in 
attendance  on  the  patient,  and  in  default  of  such  person  on  the 
occupier  of  the  building.  Under  this  "  dual  system  "  it  was  thought 
to  make  sure  of  receiving  notification  from  one  or  the  other  source ; 
only  the  medical  practitioner,  however,  was  to  receive  a  fee.  In 
j)ractice  it  has  been  found  unnecessary  to  insist  upon  notification 
being  made  by  the  head  of  the  family  or  the  other  persons  placed 
imder  the  obligation  of  notifying  in  his  default. 

At  first  it  was  supposed  that  difticulties  might  arise  in  connection 
with  notification  as  between  medical  men  and  tlieir  patients,  that 
the  employment  of  unqualified  practitioners  would  be  encouraged, 
that  the  fear  of  publicity  would  lead  to  concealment  of  cases,  and 
so  on.  In  the  early  years  of  notification  strange  attempts  were 
made  to  discredit  its  usefulness ;  it  was  even  contended  that 
where  notification  was  adopted  tliere  was  actual  increase  in  the 
general  death-rate  or  in  the  death-rate  from  notifiable  diseases. 
Despite  these  contentions,  notification  made  steady  progress. 
Tt  appears  (Twenty-eighth  Annual  Report  of  tlie  Local  Govern- 
ment Board  for  1898-99)  that,  taking  into  account  the  adoption 
by  local  authorities  of  the  Infectious  Diseases  (Notification) 
Act,  1889,  the  provisions  having  the  same  eff'ect  in  several  local 
Acts,  and  the  provisions  of  the  Public  Health  (London)  Act,  1891, 
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the  system  of  compulsory  notification  of  cases  of  infectious  disease 
had  on  March  31,  1899,  been  applied  in  districts  having  an 
aggregate  population  of  28,118,619,  out  of  a  total  population  in 
England  and  Wales  (1891)  of  29,002,525.  In  addition  the  Act  was 
also  in  force  in  forty-one  port  sanitary  districts,  the  population  of 
which  could  not  be  stated. 

The  Infectious  Diseases  {Notification)  Extetision  Act,  1899,  came 
into  force  on  January  1,  1900,  and  from  that  date  the  system  of 
notification  became  operative  in  every  urban,  rural,  and  port  sani- 
tary district  in  England  and  Wales.  From  the  annual  report  of  the 
Local  Government  Board  for  1898-99  it  appears  that  at  that  time 
132  authorities  had  from  time  to  time  availed  themselves  of  the 
power  given  them  to  require  the  notification  of  diseases  other  than 
those  specified  in  the  Act.  In  110  cases  the  Act  had  been  extended 
to  measles ;  in  7  to  rotheln  or  German  measles ;  in  26  to  whooping- 
cough  ;  in  8  to  chicken-pox ;  and  in  1  each  to  mumps,  hydrophobia, 
yellow  fever,  and  plague.*  But  in  38  of  the  above  cases  the  addition 
of  measles  had  subsequently  been  revoked  ;  in  7  the  addition  of 
whooping-cough,  in  4  the  addition  of  chicken-pox,  and  in  one  the 
addition  of  hydrophobia  had  also  been  revoked.  In  one  case,  more- 
over, the  Act  had  been  only  extended  to  measles  for  a  limited 
period,  which  period  had  expired. 

It  may  be  noted  that  in  London  the  county  council  (as  well  as 
the  local  authorities)  is  empowered  to  extend  compulsory  notifica- 
tion to  diseases  other  than  those  scheduled,  and  if  such  extension  is 
made  by  the  county  council,  the  disease  added  becomes,  of  course, 
notifiable  throughout  the  county ;  chicken-pox  was  thus  made  notifi- 
able in  London  during  1902.  Further,  in  London  the  notification 
certificate  differs  from  that "  required  in  the  country  generally, 
inasmuch  as  the  age  and  sex  of  the  patient  are  required  to  be 
specified.  In  London,  "  dangerous  infectious  diseases  "  are  defined 
as  including  those  only  which  are  compulsorily  notifiable,  and  lience 
penalties  for  failure  to  take  precautions  against  spread  of  infection, 
etc.,  do  not  apply  to  diseases  other  than  the  notifiable  diseases. 
Thus,  unless  measles  and  other  non-notifiable  diseases  are  specially 
declared  to  be  dangerous  infectious  diseases  for  the  purposes  in 
question,  they  do  not  in  London  come  "SAdthin  the  purview  of  tlie 
sections  which  require  precautions  to  be  taken. 

The  inclusion  of  erysipelas  among  notifiable  diseases  has  been 
the  subject  of  much  criticism;  the  relationship  of  this  disease  to 

*  On  September  19,  1900,  the  Local  Government  Board  made  epidemic 
regulations  declaring  plague  an  infectious  disease,  notifiable  under  the  Act 
throughout  England  and  AVales. 
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puerperal  fever,  however,  makes  it  specially  desirable  that  careful 
record  should  be  kept  of  its  occurrence ;  moreover,  the  possibility 
that  erysipelas  may  occur  in  connection  with  vaccination  has  been 
urged  as  a  reason  for  making  erj'sipelas  notifiable.  Puerperal  fever 
notifications  specially  need  to  be  carefully  inquired  into.  The  high 
case-mortality  of  puerperal  fever,  as  deduced  from  applying  deaths 
from,  to  notifications  of,  the  disease,  suggests  that  only  some  of  the 
cases  of  puerperal  fever  are  notified.  The  Royal  College  of  Physi- 
cians, on  being  appealed  to  by  tlae  London  County  Council,  defined 
puerperal  fever  as  including  "  septicaemia,  pytemia,  septic  peritonitis, 
septic  metritis,  and  other  septic  inflammations  in  the  pelvis  occurring 
as  the  direct  result  of  childbirth."  It  may,  perhaps,  be  anticipated 
that  now  that  this  definition  has  been  formulated  there  will  be 
greater  precision  as  regards  notification  of  cases  of  the  disease. 

There  has  been  much  controversy  as  to  the  desirabilit}''  of  extend- 
ing the  notification  requirements  to  other  diseases,  particularly  to 
measles  and  phthisis.  With  regard  to  measles,  it  has  been  pointed 
out,  on  the  one  hand,  that  in  many  instances  medical  men  are  not 
called  in  to  attend  at  any  stage  of  the  illness,  and  that  therefore 
there  is  likely  to  be  special  difficulty  in  securing  notification  of  a 
considerable  number  of  the  cases ;  further,  that  measles  is  specially 
infectious  early  in  the  course  of  the  disease  and  before  the  rash 
appears,  and  thus,  ere  the  malady  has  yet  declared  itself,  and  before 
therefore  preventive  measures  can  be  thought  of,  much  mischief  has 
been  done ;  again,  to  isolate  measles  in  a  comprehensive  way  would 
require  extensive  hospital  provision,  and,  as  most  of  the  sufferers  are 
young  infants,  there  might  be  difficulty  in  securing  their  removal  to 
hospital;  further,  the  cost  of  a  system  of  measles  notification  ]ias 
been  held  by  some  to  be  altogether  prohibitive.  On  the  other 
hand,  the  fact  that  the  mortality  from  measles  remains  high,  while 
that  from  certain  other  diseases  specially  affecting  children  has  been 
materially  reduced  witliin  recent  years,  has  been  urged  as  a  reason 
for  making  the  attempt  to  control  the  spread  of  the  malady.  It  Jias 
been  pointed  out  that  small-pox,  like  measles,  is  infectious  in  its 
early  stages;  that  small-pox  was  once  especially  prevalent  among 
young  children,  and  that  preventive  measures  have  been  found 
particularly  useful  as  a  means  of  controlling  the  spread  of  the  malady. 
Moreover,  as  Newsliolme  remarks,  the  difficulty  as  regards  the  early 
infectivity  of  measles  "  is  not  a  sufficient  reason  for  refraining  from 
an  attempt  to  control  the  disease  during  its  subsequent  course, 
during  which  it  probably  still  remains  infectious,  though  to  a  less 
extent." 

Newsholme  estimates  tlio  cost  of  notification  at  some  £50,000 
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pel*  annum,  on  an  average,  for  the  wliole  country,  but,  as  he 
says,  this  is  on  the  assumption  "  that  the  present  machinery  of 
notification  is  incapable  of  modification,"  whereas  nothing  would 
be  easier  than  to  arrange,  for  example,  that  only  the  first 
notification  in  each  house  should  be  paid  for.  In  addition  to 
notification  fees,  the  increased  work  entailed  in  connection  Avith 
utilisation  of  the  knowledge  gained  would,  however,  have  also  to  be 
considered.  The  explosive  character  of  measles  outbreaks  tends, 
of  course,  to  throw  the  additional  work  upon  the  staff"  of  a  sanitary 
authority  all  at  one  time. 

The  question  of  the  control  of  measles  was  tlie  subject  of  a  report 
by  Theodore  Thomson,  which  appears  in  the  twenty-fourth  Annual 
Report  of  the  Medical  Oificer  of  the  Local  Government  Board.  The 
measures,  which  it  is  practicable  to  adopt,  were  considered  in  this 
report  under  the  following  heads  : — (1)  Sources  whence  information 
may  be  derived  by  sanitary  authorities  as  regards  occurrences  of 
measles  in  their  districts ;  (2)  measures  whereby  extension  of  measles 
within  the  invaded  dwelling  may  be  limited  ;  and  (3)  measures 
whereby  extension  of  measles  tliroughout  the  invaded  district  may 
be  checked.  The  general  conclusion  arri\  ed  at  is  that  in  no  single 
district  in  which  inquiry  had  been  made  had  all  the  practicable 
measures  of  precaution  for  the  prevention  of  measles  been  systemati- 
cally adopted.  Sir  Richard  Thorne,  in  summarising  Dr.  Thomson's 
report,  observed:  "Where  compulsory  notification  of  measles  is 
utilised,  by  prompt  and  systematic  visitation,  as  a  clue  to  the 
existence  of  unreported  cases;  where  knowledge  thus  acquii-ed 
is  supplemented  by  information  derived  from  school  authorities 
and  properly  utilised ;  where,  in  inter-epidemic  periods  or  during 
stages  before  epidemics  have  passed  beyond  control,  measures 
are  adopted  with  a  views'  to  isolation  and  disinfection ;  and 
where  judicious  restrictions  are  imposed  on  attendances  at  ele- 
mentary and  other  schools,  much  more  is  to  be  looked  for  in  the 
control  of  measles  than  has  heretofore  been  attained  ;  but  it  cannot 
be  too  clearly  understood  that  good  result  is  not  to  be  expected 
from  the  adoption  of  any  one  of  tliese  several  measures ;  and  tliat 
if  any  approach  to  complete  success  be  aimed  at,  each  one  of 
tlie  several  measures  indicated  umst  be  regarded  as  necessary  and 
supplementary  to  the  others." 

As  regards  the  notification  of  phthisis,  certain  special  difficulties 
have  been  emphasised,  such  as  tlie  chronic  nature  of  the  malady 
and  the  extent  to  which  bacilli  liave  been  expectorated  before  the 
disease  comes  under  notice,  tlie  likelihood  of  particular  cases  being 
again  and  again  notified,  and  tlie  probability  tliat  objection  would  be 
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raised  on  the  ground  of  interference  with  business  and  other  relation- 
sliips,  this  difficulty  being  specially  likely,  of  course,  to  occur  in  a 
malady,  mainly  affecting  adults,  and  which  should  therefore  be  distin- 
guished from  those  notifiable  diseases  which  usually  attack  children. 
Again,  it  has  been  said  that  to  require  notification  with  a  view  to 
destroying  tubercle  bacilli  is  altogether  to  mistake  the  nature  of  the 
problem  to  be  dealt  with,  for  the  tubercle  bacillus  is  practically 
omnipresent;  the  fact  that  a  large  proportion  of  persons  are 
immune  to  the  bacillus  should,  it  is  urged,  serve  as  the  guide  to 
prevention,  which  should  aim  at  fortifying  the  resistance  of  tlie 
patient.  In  New  York  an  attempt  has  been  made  to  deal  with 
plithisis  by  notification,  and  Newsholme,  at  Brighton,  Niven,  at 
Manchester,  and  others  in  this  country,  have  shown  that,  in  the 
absence  of  a  requirement  that  phthisis  shall  be  compulsorily  noti- 
fiable, a  good  deal  of  useful  work  can  be  done  by  encouraging 
voluntary  notification,  by  applying  methods  of  disinfection  in  cases 
reported  from  hospitals  and  public  institutions,  and  by  also  adopting 
such  methods  in  houses  in  which  deaths  occur. 

The  two  "Adoptive  Acts"  of  1890  have  been  already  referred  to 
from  time  to  time  ;  their  main  provisions  may  be  here  conveniently 
summarised. 

The  Public  Health  Acts  Amendment  Act,  1890, 

Part  III.,  deals  with  the  discharge  of  injurious  substances  into  sewers ; 
witli  nuisances  arising  from  the  common  use  of  sanitary  conveniences, 
and  -with  the  provision  of  suitable  conveniences  with  separate  accom- 
modation for  each  sex  in  workshops  and  factories ;  it  empowers 
by-laws  to  be  made  for  certain  purposes  {See  p.  575) ;  it  prohibits  new 
buildings  being  erected  on  polluted  sites  ;  it  provides  for  the  cleaus- 
ing  of  common  passages  ;  it  deals  Avith  the  pollution  of  streams  by 
solid  refuse ;  it  extends  the  scope  of  Sections  116-119  of  the  Act  of 
1875  relating  to  unsound  meat  {See  p.  527)  ;  finally  it  gives  certain 
additional  powers  with  regard  to  slaughter-liouses  and  common 
lodging-houses. 

The  Infectious  Diseases  (Prevention)  Act,  1890,  con- 
tains important  provisions  relating  to  milk  supj^lies  {See  p.  530)  ;  it 
simplifies  the  procedure  with  regard  to  disinfection  {See  p.  528)  ;  it 
gives  additional  powers  for  securing  the  prompt  interment  of  dead 
l)odies  {See  p.  533) ;  it  empowers  a  justice  to  order  a  person  suffering 
from  any  infectious  disease,  who  is  an  inmate  of  an  infectious 
diseases  hospital,  to  be  detained  for  ajiy  specified  period  ;  it  makes  it 
the  duty  of  a  local  authority  to  provide  temporary  slielter,  with  any 
necessary  attendance,  for  persons  who  are  compelled  to  leave  their 
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dwellings  while  disinfection  is  in  progress  ;  finally  it  prohibits  infec- 
tious rubbish  being  thrown  into  any  receptacle  for  refuse  without 
previous  disinfection. 

The  Sale  of  Food  and  Drugs  Acts,  1875  1899.— The 

principal  Act,  that  of  1876,  originally  defined  food  as  "every 
-article  used  for  food  or  drink  by  man,  other  than  drugs  or 
water."  Question  arose  as  to  whether  flavouring  matters  and 
articles,  such,  for  example,  as  baking  powder,  which  were  used  in  the 
preparation  of  food,  were  included,  and  in  Section  26  of  the  Act  of 
1899  the  point  was  made  clear  by  addition  of  the  words  "and  anj' 
article  which  ordinarily  enters  into,  or  is  used  in  the  composition 
or  preparation  of,  human  food ;  and  shall  also  include  flavouring 
mattei's  and  condiments."  Drug  is  defined  as  including  "  medicine 
for  internal  or  external  use."  In  the  case  of  articles  such  as 
sulphur,  carbolic  acid,  and  sulphuric  acid,  which  have  a  commercial 
as  well  as  a  medicinal  use,  difiiculty  as  to  interpreting  the  definition 
might  arise,  and  it  would  be  for  the  magistrate  to  determine 
whether  the  particular  sale  in  question  was  a  sale  for  medicinal 
purposes. 

Sections  3  and  4  of  the  Food  and  Drugs  Act  of  1875  are  concerned 
with  a  particular  class  of  ofi'ences,  the  adulteration  of  food  and  drugs 
respectively,  with  substances  injurious  to  health.  They  provide  that 
no  person  shall  mix,  colour,  stain,  or  powder,  with  any  ingredient  or 
material,  any  article  of  food,  so  as  to  render  it  injurious  to  laealtli, 
or  any  drug  so  as  to  afi'ect  injuriously  the  quality  or  potency  of  the 
drug,  or  shall  sell  such  food  or  drug,  under  a  penalty  not  exceeding 
£50  for  a  first  ofl"ence ;  every  offence,  after  a  conviction  for  a  first 
offence,  to  be  a  misdemeanour,  for  which  the  person  on  conviction 
shall  be  imprisoned  for  a  period  not  exceeding  six  months  with 
hard  labour.  Convictions  under  these  sections  are  comparatively 
rare ;  to  obt,ain  them  it  is  necessary  to  prove  that  the  adulteration 
is  dangerous  to  health  (or  in  the  case  of  a  drug  that  its  quality  oj- 
potency  has  been  injuriously  affected),  and  that  the  person  charged 
with  the  adulteration  has  guilty  knowledge  of  the  same.  The 
penalty  is  much  more  severe  than  in  the  cases,  to  be  now  considered, 
of  adulteration  with  harmless  substances. 

The  second  class  of  offences  under  the  Act  are  those  referred  to 
in  Sections  6,  7,  and  9.  Section  6  prohibits  the  sale  "  to  the  preju- 
dice of  the  purchaser,  of  any  article  of  food,  or  any  drug,  which  is 
not  of  the  nature,  substance,  or  quality  of  the  article  demanded." 
Section  7  prohibits  the  sale  of  any  compound  article  of  food,  or 
compounded  drug,  which  is  not  composed  of  ingredients  in  accord- 
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ance  with  the  demand  of  the  purchaser.  Section  9  prohibits  the 
abstraction  from  any  article  of  food,  of  nnj  part  of  it,  so  as  to 
affect  injuriously  its  quality,  substance,  or  nature,  or  the  sale  of  any 
article  so  altered  without  making  disclosure  of  the  alteration.  In 
the  case  of  these  offences  a  smaller  penalty  (one  not  exceeding 
£20)  is  prescribed.  The  majority  of  the  prosecutions  under  the 
Act  are  instituted  under  these  sections,  and  more  particularly  under 
Section  6.  For  securing  a  conviction  there  is  no  necessity  to 
prove  guilty  knowledge,  as  is  the  case  in  offences  under  Sections 
3  and  4. 

There  are  certain  limitations  to  the  operation  of  Section  6,  which 
contains  a  proviso  that  no  offence  shall  be  deemed  to  have  been 
committed  under  the  section  in  the  following  cases  : — 

(1)  Where  any  matter  or  ingredient  not  injurious  to  health  has 
been  added  to  the  food  or  drug  because  the  same  is  required  for 
the  production  or  preparation  thereof,  as  an  article  of  commerce,  in 
a  state  fit  for  carriage  or  consumption,  and  not  fraudulently  to 
increase  the  bulk,  weight,  or  measure  of  the  food  or  drug,  or  conceal 
the  inferior  quality  thereof. 

(2)  Where  the  drug  or  food  is  a  proprietary  medicine,  or  is  the 
subject  of  a  patent  in  force,  and  is  supplied  in  the  state  required  by 
the  specification  of  the  patent. 

(3)  Where  the  food  or  drug  is  compounded,  as  in  this  Act 
mentioned. 

(4)  Where  the  food  or  drug  is  unavoidably  mixed  with  some 
extraneous  matter  in  the  process  of  collection  or  preparation. 

It  rests  with  the  defendant  to  proA'e  that  his  particular  case 
comes  within  any  of  these  exceptions  (Section  24).  Section  8 
enables  the  seller  to  safeguard  himself  "  in  respect  of  the  sale  of  an 
article  of  food  or  a  drug  mixed  with  any  matter  or  ingredient  not 
injurious  to  health,  and  not  intended  fraudulently  to  increase  its 
bulk,  weight,  or  measure,  or  to  conceal  its  inferior  quality,"  by 
supplying  to  the  purchaser  a  notice,  by  a  label,  to  the  effect  that 
tlie  same  is  mixed.  Again,  Section  25  provides  that  the  defendant 
shall  be  discharged  if  he  prove  that  he  bought  the  article  "  as  the 
same  in  nature,  substance,  and  quality  as  that  demanded  of  him  by 
the  prosecutor,  and  with  a  written  warranty  to  that  effect,  that  he 
had  no  reason  to  believe  at  the  time  wlien  lie  sold  it  that  the  article 
was  otherwise,  and  that  he  sold  it  in  the  same  state  as  when  he 
purchased  it." 

Under  Section  10  of  the  Act  of  1875  local  authorities  were 
empowered,  subject  to  the  approval  of  the  Local  Government  Board, 
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to  appoint  public  analysts;  Section  3  (1)  of  the  Act  of  1899  casts 
the  duty  of  making  such  appointments  upon  local  authorities,*  and 
in  default  enables  the  Local  Go^■el■nment  Board  or  the  Board  of 
Agriculture  to  enforce  the  Act. 

Under  Section  12  of  the  Act  of  1875  a  public  analyst  is  bound, 
on  payment  of  his  fee,  to  make  an  analysis  of  any  article  of  food  or 
drug  purchased  by  any  persoji.  The  sample  is  usually  obtained, 
however,  by  an  official  purchaser — the  medical  officer  of  health 
inspector,  or  other  officer  appointed  for  the  purpose  by  the  local 
authority.  In  connection  with  the  purchase,  Section  14  provides 
that  the  seller  or  his  agent  must  be  "  notified  of  the  intention  to 
analyse  the  same,  and  the  person  purchasing  must  offer  to  divide 
the  article  into  three  parts,  to  be  then  and  there  separated,  and 
each  part  to  be  marked,  and  sealed,  or  fastened  up,  in  such  manner 
as  its  nature  will  permit,  and  shall,  if  required  to  do  so,  deliver  one 
of  the  parts  to  the  seller  or  his  agent.  He  shall  afterwards  retain 
one  of  the  said  parts  for  future  comparison,  and  submit  the  third 
part,  if  he  deems  it  right  to  have  the  article  analysed,  to  the 
0,nalyst."  The  official  purchaser  may,  moreover,  procure  at  the 
place  of  delivery  a  sample  in  the  course  of  delivery  (Section  :i, 
Act  of  1879,  and  Section  14,  Act  of  1899).  Again,  imder  Sec- 
tion 10  of  the  Margarine  Act  of  1887  he  may  take,  mthout 
purchase,  a  sample  of  butter.  The  Commissioners  of  Customs  have 
power  to  take  samples  of  imported  articles  (Section  1,  Act  of 
1899). 

The  public  analyst's  certificate  must  be  in  a  prescribed  form,  and 
is  sufficient  evidence  of  the  facts  therein  stated,  unless  the  other 
party  requires  the  analyst  to  be  called.  The  court  may,  if  it  thinks 
fit,  and  must,  at  the  request  of  either  party,  send  a  sample  to  the 
Government  Laboratory  for  further  analysis.  Amendments  first 
introduced  in  the  Act  of  1879  settled  some  disputed  points.  Thus, 
it  was  to  be  no  defence  to  say  the  purchaser  was  not  prejudiced 
because  he  merely  purchased  for  analj'sis,  or  to  allege  that  the 
tjubstance,  though  defective  in  nature,  or  substance,  or  quality,  was 
not  defective  in  all  three  respects.  Moreover,  provision  for  sampling 
milk  in  course  of  delivery  was  made  by  the  Act. 

17ie  Margarine  Act,  1887,  provides  that  margarine— "all 
substances,  whether  compounds  or  otherwise,  prepared  in  imitation 


*  In  London,  the  borough  councils,  in  the  rest  of  the  country,  county 
councils  or  (in  county  boroughs  and  some  quarter  .sessions  boroughs)  town 
councils,  are  local  authorities. 
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of  butter,  and  whether  mixed  with  butter  or  not,"  shall  not  be 
lawfully  sold  except  under  certain  conditions.  The  premises  upon 
which  margarine  is-  manufactured  must  be  registered  with  the  local 
authority  (Section  9).  Section  7  (4)  of  the  Act  of  1899  extends  this 
requirement  to  any  premises  upon  which  the  business  of  a  wholesale 
dealer  in  margarine  is  carried  on.  All  imported  margarine,  and  all 
margarine  forwarded  by  any  public  conveyance,  must  be  consigned 
as  such  (Section  8).  Packages  containing  margarine  must  be 
so  marked  in  letters  of  a  specified  minimum  size,  and  where  the 
margarine  is  exposed  for  sale  by  retail  a  label  must  also  be  used, 
and  each  package  must  be  delivered  in  a  specially  marked  paper 
wrapper  (Section  6).  There  are  saving  clauses  framed  on  tJie 
model  of  Section  25  of  the  Food  and  Drugs  Act,  1875,  already 
referred  to. 

Thf.  Food  and  Drugs  Aci,  1899,  amends  the  definition  of  "food" 
and  defines  "  cheese "  and  "  margarine-cheese,"  the  latter  being 
"  any  substance,  whether  compound  or  othermse,  which  is  prepared 
in  imitation  of  cheese,  and  which  contains  fat  not  derived  from 
milk."  It  provides  (in  Sections  2  and  3)  for  action  on  the  part 
of  the  Local  Government  Board  or  the  Board  of  Agriculture,  with 
a  view  to  ascertaining  whether  local  authorities  are  doing  their 
duty  and  if  necessary  enforcing  its  performance.  The  Com- 
missioners of  Customs  are  empowered  to  take  samples  of  imported 
articles,  and  provision  is  made  for  the  marking,  in  a  con- 
spicuous manner,  of  certain  adulterated  and  impoverished  articles 
of  food  (Section  1).  The  Board  of  Agriculture  is  authorised  to 
make  regulations  as  to  the  analysis  of  milk,  cream,  butter,  or 
cheese,  specifying  what  deficiency  of  any  of  the  normal  constituents 
shall  raise  a  presumption  until  the  contrary  is  proved  that  the  article 
is  not  genuine  or  is  injurious  to  health  (Section  4).  Section  5  extends 
provisions  relating  to  margarine  to  mai'garine-cheese,  and  Section  8 
prohibits  the  manufacture,  sale,  or  importation  of  margarine 
containing  more  than  10  per  cent,  of  butter-fat.  Section  14 
extends  the  power  of  sampling,  in  course  of  delivery,  to  other 
articles  besides  milk,  but  only  on  a  request  from,  or  with  the 
consent  of,  the  consignee! ;  moreover,  a  portion  of  any  sample 
taken  in  course  of  delivery  must  be  sent  to  the  consignor.  Vendors 
of  milk  and  cream  nmst  exhibit  their  name  and  address  on  the 
vehicle  or  receptacle  from  wliicli  the  milk  is  sold.  Section  11 
provides  that  condensed,  separated,  or  skimmed  milk  shall  not  be 
sold  or  exposed  for  sale  except  in  receptacles  labelled  so  that  tlie 
words  are  clearly  visible  to  the  purchaser.  Section  16  imposes  a 
heavy  penalty  for  obstructing,  or  attempting  to  bribe,  an  inspector ; 
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and  Section  17  increases  the  maximum  penalty  in  the  case  of  second 
and  subsequent  convictions  for  offences  against  the  Act. 

The  Housing  of  the  Working  Classes  Acts,  1890 

and  1900. — The  Act  of  1890  consolidates  and  amends  three 
groups  of  enactments — The  Labouring  Classes  Lodging  Houses  Acts, 
1851  to  1867,  known  as  Lord  Shaftesbury's  Acts;  The  Artisans' 
and  Labourers'  Dwellings  Acts,  1868  to  1882,  known  as  Torrens's 
Acts ;  and  the  Artisans'  and  Labourers'  Dwellings  Improvement 
Acts,  1875  to  1882,  known  as  Cross's  Acts.  The  Act  also  con- 
solidates the  greater  part  of  the  Housing  of  the  Working  Classes 
Act  of  1885. 

Lord  Shaftesbury^ s  Acts,  if  adopted  in  any  district,  enabled  the 
authority  to  provide  lodging-houses,  at  the  cost  of  the  rates,  for  letting 
to  the  labouring  classes  ;  they  remained,  however,  practically  a  dead 
letter.  Lord  Shaftesbury,  in  giving  evidence  before  the  Royal 
Commission  on  the  Housing  of  the  Working  Classes  in  1884,  stated 
that  these  Acts  had  been  totally  forgotten,  and  that  until  that  year 
he  did  not  believe  there  was  any  man  living,  besides  himself, 
who  knew  that  they  existed.  Part  III.  of  the  Act  of  1890,  which 
consolidates  and  amends  Lord  Shaftesbury's  Acts,  has  of  late  years, 
been  somewhat  extensively  put  in  operation. 

Torrens's  Acts  were  designed  to  deal  ^vith  insanitary  dwellings,  but 
they  provided  for  putting  such  dwellings  in  repair  rather  than  for 
effecting  any  radical  improvement,  and  were  found  almost  un- 
workable by  reason  of  the  opportunities  afforded  to  owners  for 
hampering  their  operation  by  again  and  again  appealing  against 
decisions  of  the  local  authorities.  Useful  amendments  have,  how- 
ever, from  time  to  time  been  introduced,  and  are  now  embodied  in 
Part  II.  of  the  Act  of  1890,  which  consolidates  and  amends  Torrens's 
Acts. 

Cross's  Acts  (now  embodied  in  Part  I.  of  the  Act  of  1890)  were 
put  in  operation  in  London  and  some  of  the  large  towns,  but  at 
considerable  cost.  The  Act  of  1890  was  intended  inter  alia  to 
bring  about  more  equitable  assessment  of  compensation,  to  prevent 
excessive  awards  being  given  to  owners  of  insanitary  premises  and 
to  diminish  the  cost  incidental  to  arbitration  proceedings.  In 
London,  up  to  the  year  1900,  a  sum  of  £2,930,000  had  been  ex- 
pended in  connection  with  improvement  schemes  under  the  Housing 
Acts,  £1,200,000  being  attributable  to  the  work  of  clearing  away 
unhealthy  areas.  The  total  number  of  persons  for  whom  dwellings 
had  then  been,  or  were  then  being,  erected  amounted  to  nearly 
32,000. 
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Part  I.  of  the  Act  of  1890,  Section  4,  makes  provision  for  action  to 
be  taken  by  a  "  local  authority  "*  upon  an  "  official  representation  " 
(by  a  medical  officer  of  health  as  defined  in  Section  5)  to  the  efl'ect 
that  within  a  certain  area  in  the  district  of  such  authority  either— 

(a)  Any  houses,  courts,  or  alleys  are  unfit  for  human  habitation  ; 

or, 

(b)  The  narrowness,  closeness,  and  bad  arrangement,  or  the  bad 

condition  of  the  streets  and  houses  or  groups  of  houses 
within  such  area,  or  the  want  of  light,  air,  ventilation,  or 
proper  conveniences,  or  any  other  sanitary  defects,  or  one 
or  more  of  such  causes,  are  dangerous  or  injurious  to  the 
health  of  the  inhabitants  either  of  the  buildings  in  the 
said  area,  or  of  the  neighbouring  buildings ;  f 
and  that  the  evils  connected  with  such  houses,  courts,  or  alleys,  and 
the  sanitary  defects  in  such  area,  cannot  be  efi"ectually  remedied 
otherwise  than  by  an  improvement  scheme  for  the  re-arrangement 
and  reconstruction  of  the  streets  and  houses  within  such  area,  or  of 
some  of  such  streets  and  houses. 

A  medical  officer  of  health  must  make  such  an  "  official  representa-. 
tion  "  whenever  he  sees  cause,  and  he  must  inspect  and  report  upon 
any  area  to  which  his  attention  is  directed  by  two  justices  of  the 
pi^ace,  or  twelve  or  more  ratepayers.  If  he  fail  to  inspect  or  report, 
or  decide  that  the  area  is  not  an  unhealthy  area,  there  is  an  appeal 
(Section  16)  to  the  confirming  authority,  the  Local  Government 
Board  (in  London,  the  Home  Secretary).  Again,  if  the  local 
autliority  fail  or  decline  to  take  action  upon  the  "  official  representa- 
tion," they  must  state  their  reasons  for  not  acting  to  the  confirming 
autliority,  which  may  direct  an  inquiry  to  be  made  into  the  circum- 
stances of  the  case.  If,  however,  the  local  authority  be  satisfied 
of  tlie  truth  of  the  representation,  and  of  the  sufficiency  of  their 
resources,  tliey  may  pass  a  resolution  declaring  the  area  an  unhealthy 
area,  and  may  prepare  a  "  scheme  "  for  its  improvement. 

*  The  first  schedule  of  the  Act  specifies  the  local  authority  in  each  particular 
case.  The  urban  authorities  in  urban  districts  (and  the  Corporation  in  the 
City  of  London)  are  local  authorities  throughout  the  Act.  For  the  purposes 
of  Parts  I.  and  III.  the  County  Council  is  the  local  authority  in  the  county 
of  London  ;  for  the  purposes  of  Part  II.,  in  London,  the  vestries  and  district 
boards  (now  borough  councils),  and  for  the  purposes  of  Parts  II.  and  III.,  in 
rural  districts  the  rural  authorities  (rural  district  councils)  are  the  local 
authorities. 

t  Under  the  earlier  Act  of  1875  the  representation  was  to  state  "  that 
diseases  indicating  a  generally  low  condition  of  health  amongst  the  popu- 
lation have  been  from  time  to  time  prevalent,  and  that  such  prevalence 
was  attributable,  etc.  etc." 
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Schemos  under  Fart  /.—The  scheme  must  be  accompanied  b}- 
maps,  particulars,  and  estimates;  it  may  include  anj--  number  of 
areas,  but  must  not  deal  with  an  area  comprising  less  than  ten 
houses  (Section  72,  Part  IV.).  It  need  not  relate  to  all  the  property 
represented,  and  may  include  any  "  neighbouring  lands  "  necessary 
for  making  the  scheme  efficient  for  sanitary  purposes.  The  scheme 
may  provide  for  the  improvement  beiiig  effected  with  tlie  co-operation 
of  the  freeholders,  under  the  control  of  the  local  authority. 

Section  11  relates  to  the  question  of  "re-housing  accommo- 
dation." In  London  such  provision  must  be  made  for  as  many 
"  persons  of  the  working  classes  "*  as  may  be  displaced,  the  accommo- 
dation, in  the  absence  of  special  reasons  to  the  contrary,  to  be  within 
the  limits  of  the  area  dealt  with,  or  in  the  vicinity  thereof.  The 
Secretary  of  State  may,  however,  permit  the  accommodation  to  be 
provided  elsewhere,  and  may  dispense  Avith  the  obligation,  in 
so  far  as  he  may  deem  expedient,  but  not  in  any  case  to  an 
extent  exceeding  one-half  the  number  of  the  persons  displaced. 

Outside  London  the  Act  leaves  it  entirely  to  the  Local  Govern- 
ment Board  to  determine  to  what  extent,  whether  for  all  or  any  of 
the  number  displaced,  re-housing  accommodation  shall  be  provided. 
The  local  authority  may  not  itself  undertake  the  erection  of  dwell- 
save  with   the   consent  of   the   confirming  authority,  and 
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must  sell  or  dispose  of  all  such  dAvellings  within  ten  years  of  their 
completion,  unless  the  confirming  autliority  otherwise  determine. 
When  a  scheme  has  been  prepared,  and  approved  by  the  local 
authority,  advertisement  of  the  fact  must  be  made  for  three  con- 
secutive weeks  in  September  or  October  or  November,  and  notices  of 
the  scheme  must  be  served  upon  persons  whose  interests  it  is  proposed 
to  compulsorily  acquire.  Application  is  then  made  to  the  confirming 
authority ;  a  local  inquiry  is  held  by  a  commissioner,  and  upon  his 
report  a  "  Provisional  Order  "  may  be  made  sanctioning  the  sclieme, 
with  any  modifications  Avhich  are  deemed  necessary ;  it  is  usual  for 
tlie  Secretary  of  State  to  require  that  all  plans  of  dwellings  shall  be 
approved  by  him.  The  Provisional  Order  must  be  subsequently 
confirmed  by  Act  of  Parliament  and  compulsory  powers  for  the 
acquirement  of  property  must  be  exercised  Avithin  three  years  of 
the  passing  of  the  Act  confirming  the  scheme. 

*  The  expression  "  labouring  class"  is  defined  by  Standing  Orders  of  both 
Houses  to  include  "  mechanics,  artisans,  labourers,  and  others  workin-  for 
wages,  hawkers,  costermongers,  persons  not  working  for  Avagcs  but  working 
at  some  trade  or  handicraft  Avithout  employing  others,  except  members  of 
their  own  family,  and  persons  other  than  domestic  servants  whose  income 
does  not  exceed  an  average  of  thirty  shillings  a  week,  and  the  families  of 
any  such  persons  who  may  be  residing  with  tliem." 
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In  assessing  the  compensation  to  be  given  no  additional  allowance 
is  made  for  compulsory  purchase  in  regard  to  any  unhealthy  portion 
of  the  area  (portions  coloured  red),  but  10  per  cent,  above  the 
market  value  is,  as  a  rule,  given  in  the  case  of  the  remaining 
portions,  if  any,  of  the  area  (parts  coloured  blue).  If  no  agreement 
is  arrived  at  by  the  parties  the  case  is  adjudicated  upon  by  an  arbi- 
trator appointed  by  the  confirming  authority.  The  special  provision 
which  guides  the  arbitrator's  decision  is  contained  in  Section  21, 
which  prescribes  that  no  additional  allowance  shall  be  made  in  tlie 
case  of  property  which  the  arbitrator  deems  to  form  a  part  of  the 
unhealthy  area,  and  that  no  addition  shall  be  made  for  improve- 
ments to  property  made  after  the  date  of  advertisement  of  the 
scheme,  unless  such  improvements  were  necessary  for  the  maintenance 
of  the  property  in  a  proper  state  of  repair. 

Section  21,  sub-section  (2),  further  states  that  evidence  may  be 
tendered  to  the  arbitrators  to  prove — 

(1)  That  the  rental  of  the  house  or  premises  was  enhanced  by 

reason  of  the  same  being  used  for  illegal  purposes,  or  being 
so  over-crowded  as  to  be  dangerous  or  injurious  to  the 
health  of  the  inmates;  or, 

(2)  That  the  house  or  premises  are  in  such  a  condition  as  to  be  a 

nuisance  within  the  meaning  of  the  Acts  relating  to  nui- 
sances, or  are  in  a  state  of  defective  sanitation,  or  are  not 
in  reasonably  good  repair ;  or, 

(3)  That  the  house  or  premises  are  unfit,  and  not  reasonably  capable 

of  being  made  fit,  for  human  habitation ; 
and  if  the  arbitrator  is  satisfied  by  such  evidence,  then  the  compen- 
sation— 

(a)  Shall,  in  the  first  case,  so  far  as  it  is  based  on  rental,  be  based 
on  the  rental  which  Avould  have  been  obtained  if  the  house  or 
premises  were  occupied  for  legal  purposes,  and  only  by  the  number 
of  persons  whom  the  house  or  premises  were,  under  all  the  circum- 
stances of  the  case,  fitted  to  accommodate,  without  such  over- 
<;rowding  as  is  dangerous  or  injurious  to  the  health  of  the  inmates ; 
and 

(b)  Shall,  in  the  second  case,  be  the  amount  estimated  as  the 
value  of  the  house  or  premises  if  the  nuisance  had  been  abated,  or 
if  they  had  been  put  into  a  sanitary  condition  or  into  reasonably 
good  repair,  after  deducting  the  estimated  expense  of  abating  tlio 
nuisance  or  putting  them  into  sucli  condition  or  repair,  as  the  case 
may  be ;  and 

(c)  Shall,  in  the  third  case,  be  the  value  of  the  land  and  of  the 
materials  of  the  buildings  thereon. 


548 


MANUAL  OF  JIYGIENE. 


Provision  is  made  for  appeal  against  the  arbitrator's  award  when 
the  amount  of  compensation  exceeds  £1,000.  The  arbitrator's  costB 
are  payable  by  the  local  authority,  and  the  arbitrator  may  himself 
order  the  local  authority  to  pay  the  costs  of  arbitration  of  the  other 
party,  where  the  award  is  for  a  greater  sum  than  was  offered  by  the 
local  authority  in  respect  of  the  claim  before  the  appointment  of 
the  arbitrator. 

Part  II.  of  the  Act  of  1890  applies  to  rural  as  well  as  urban  dis- 
tricts; it  relates  to  unhealthy  dwellings,  to  obstructive  dwellings, 
and  to  the  carrying  out  of  small  improvement  schemes.  The  confirm- 
ing authority,  as  regards  schemes  under  this  part  of  the  Act,  is  the 
Local  Government  Board.  In  London,  if  the  county  council  con- 
sider an  area  too  small  to  be  dealt  with  under  Part  I.,  and  suitable 
for  improvement  under  Part  II.,  or  if,  on  the  other  hand,  it  i* 
urged  by  the  district  authority  that  a  scheme  is  of  importance  to- 
the  metropolis  as  a  whole,  and  should  be  dealt  with  under  Part  I. 
rather  than  under  Part  II.,  the  Secretary  of  State  is  empowered  to- 
hold  a  local  inquiry  and  decide  the  question.  The  county  council 
may  prepare  schemes  under  Part  II.,  and  apply  to  the  Secretary  of 
State  to  require  a  contribution  to  be  made  towards  the  cost  by  the 
district  authority,  and  similarly  the  latter  may  apply  for  a  con- 
tribution from  the  county  council. 

Schevies  under  Part  //.—The  procedure  under  tliis  part  of  the 
Act  is  somewhat  simpler  than  under  Part  I.    The  Local  Govern- 
ment Board,  after  local  inquiry,  issue  a  Provisional  Order,  upon 
which,  if  no  person  interested  petitions  against  the  scheme  within 
two  months,  follows  a  Confirming  Order ;  should  such  a  petition, 
however,  be  presented,  and  not  witlidrawu,  a  special  Act  of  Parlia- 
ment is  necessary,  as  in  the  case  of  schemes  under  Part  I.  The 
Local  Government  Board  may  require  such  amount  of  re-housing^ 
provision  to  be  made  as  tliey  deem  necessary  in  the  circumstances 
of  the  case,  and  before  sanctioning  tlie  scheme  the  Board  requires 
to  be  satisfied  as  to  the  plans  of  the  dwellings  it  is  proposed  to- 
construct.    Under  Part  II.  "  neighbouring  lands  "  cannot  be  taken  : 
the  compensation  provisions  are  similar  to  those  in  Part  I.,  but  tlie 
arbitrator  may  take  into  account  any  benefit  wliich  may  accrue  by 
tlie  e.\ecution  of  the  scheme  to  otlier  dwelling-liouses  of  tlie  same 
owner,  and  the  arbitrator's  award  is  final  and  binding  on  all 
parties. 

As  regards  Bvildings  unfit  for  human  habitation,  tlie  Act  pro- 
vides (Section  30)  that  "  it  shall  be  the  duty  of  the  medical  officer  of 
health  of  every  district  to  represent  to  the  local  authority  of  that 
district  any  dwelling-house  which  appeal's  to  him  to  be  a  state  so- 
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dangerous  or  injurious  to  liealtli  as  to  be  unfit  for  human  liabi- 
tation." 

Local  authorities  are  also  required  to  cause  inspection  of  their 
districts  to  be  made  with  a  view  to  ascertaining  whether  any  sucli 
dwelling-houses  exist,  and  they  may,  if  satisfied  that  any  dwelling 
is  unfit  for  habitation,  take  proceedings  against  the  owner  for  closing 
such  dwelling,  under  the  enactments  set  out  in  the  third  schedule 
of  the  Act.  It  should  be  noted  that  the  term  "  owner  "  under  this 
Act  does  not  include  landlords  holding  the  premises  for  a  term  of 
which  less  than  twenty-one  years  are  unexpired.  When  a  "  Closing 
Order  "  has  been  made,  and  has  not  been  determined  by  a  further 
Order,  the  local  authority  may,  after  hearing  the  objections  (if  any) 
of  the  owner,  and  if  they  are  of  opinion  that  the  "  continuance  of 
any  building,  being  part  of  the  dwelling-house,  is  dangerous  or 
injurious  to  the  health  of  tlie  public  or  of  the  inhabitants  of  tlie 
neighbouring  dwelling-houses  "  make  a  "  Demolition  Order."  There 
is  an  appeal  against  such  an  Order  to  Quarter  Sessions. 

On  -written  complaint  from  four  or  more  householders  the  medical 
oflScer  of  health  must  inspect  and  report  upon  any  particular  house, 
and  if  within  tliree  months  after  receiving  such  report  the  local 
authority  takes  no  proceedings,  the  liouseholders  (save  in  London  or 
in  rural  districts  where  the  county  council  can  act  in  default  of 
the  local  authority)  may  petition  the  Local  Government  Board  for 
an  inquiry. 

Obstructive  Buildings. — Under  Section  38  power  is  given  to  a  local 
authority  to  proceed  on  the  report,  of  the  medical  officer  of  health 
or  four  or  more  householders,  to  the  effect  that  a  building,  although 
not  in  itself  unfit  for  human  liabitation,  is  so  situate  that  by  reason 
of  its  proximity  to  or  contact  witli  any  other  buildings,  it  eithe)-  (a) 
stops  ventilation  or  otherwise  conduces  to  make  them  unfit  for 
habitation,  or  (6)  prevents  proper  measures  being  carried  into  efiect 
for  remedying  any  nuisance  injurious  to  health  or  other  evils  com- 
plained of  in  respect  of  such  otlier  buildings.  This  section  was 
designed  to  enable  the  local  authority  to  purchase  houses  for  opening 
up  alleys,  etc.  If  the  authority  decide  to  proceed  they  can  make  an 
Order  for  demolition,  subject  to  appeal  to  Quarter  Sessions.  The 
compensation  to  be  paid  is  settled  by  arbitration  in  case  of  diflerence, 
and  where,  in  the  opinion  of  the  arbitrator,  the  demolition  of  an 
obstructive  building  adds  to  tlie  value  of  other  buildings,  he  may 
apportion  a  part  of  the  cost  of  the  demolition  amongst  such  other 
buildings  respectively,  the  said  expenses  being  defrayed  by  improve- 
ment rates  levied  on  the  occupiers.  This  obstructive  building 
section  has  been  hitherto  allowed  to  remain  practically  a  dead  letter. 
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Part  III.  of  the  Act  may  be  adopted  by  local  authorities;  in 
the  case  of  a  rural  authority  the  consent  of  the  county  council  to 
such  adoption  is  necessary.  The  authority  can  then  compulsorily 
acquire  land  within  its  district  for  the  purpose  of  erecting  lodging- 
houses  for  the  working  classes.  The  Amending  Act  of  1900 
extends  the  powers  of  compulsory  acquirement  to  land  outside  the 
area  in  which  the  local  authority  has  jurisdiction.  Section  62 
of  the  Act  of  1890  provides  that  the  "local  authority  may  make 
by-laws  for  the  management,  use,  and  regulation  of  the  lodging- 
houses." 

Part  IV.  of  the  Act  of  1890  contains  certain  supplemental  pro- 
visions, notably  Section  75,  which  provides  that  "in  any  contract 
made  after  the  fourteenth  day  of  August,  1885,  for  letting,  for 
habitation  by  persons  of  the  working  classes,  a  house  or  part  of  a 
house,  there  shall  be  implied  a  condition  that  the  house  is,  at  the 
commencement  of  the  holding,  in  all  respects  reasonably  fit  for 
human  habitation." 

Canal  Boats  Acts,  1877  and  1884.— Under  the  Act  of 
1877  a  canal  boat  used  as  a  dwelling  must  be  registered  by  a  local 
authority,  and  can  only  be  so  used  by  persons  of  the  ages  and 
sexes  for  which  it  is  registered.  The  registering  authority  must  be 
the  authority  of  a  district  abutting  on  the  canal  upon  which  the 
boat  plies,  and  the  boat  is  to  be  allocated  as  belonging  to  a  place 
within  a  particular  school  district.  The  boat  must  have  painted  on 
it  the  word  "registered,"  its  registered  number,  and  the  place  to 
which  it  belongs.  If  infectious  disease  occur  on  the  boat,  the  sick 
person  may  be  removed  to  hospital,  and  the  boat  may  be  detained, 
to  be  cleansed  and  disinfected. 

The  Local  Government  Board  is  empowered  (Section  2)  to  make 
regulations  concerning  questions  arising  in  connection  with  canal 
boats,  and  regulations  were  accordingly  issued  in  1878.  They 
prescribe  that  there  shall  be  at  least  one  dry,  clean,  weatherproof 
cabin  (an  after-cabin  intended  for  use  as  a  dwelling  must  be  of 
at  least  180,  and  a  fore-cabin  of  at  least  80  cubic  feet  capacity); 
such  cabin  must  have  means  of  ventilation  apart  from  the  door,  and 
must  provide  adequate  sleeping  accommodation.  One  cabin  is  to 
contain  a  stove  and  chimney.  There  must  be  provided  storage  for 
three  gallons  of  water,  and,  if  the  boat  carries  foul  cargoes,  the  hold 
must  be  separated  from  any  inliabited  cabin  by  a  double  bulk- 
Jicad  with  an  interspace  of  four  inches ;  further,  the  bulkhead  next 
tlie  cargo  must  be  water-tight.  Sixty  cubic  feet  of  space  are  to  be 
allowed  for  each  person  over  twelve,  and  40  cubic  feet  for  eacli 
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person  under  twelve.  In  boats  worked  by  shifts  a  cabin  designed  for 
two  persons  must  contain  at  least  180  cubic  feet.  No  boy  of  more 
than  fourteen,  and  no  girl  of  more  than  twelve  years  of  age,  may  sleejj 
in  a  cabin  occupied  by  a  married  couple,  and  males  over  fourteen 
and  females  over  twelve  must  not  sleep  in  the  same  cabin ;  reserva- 
tion is  made  for  married  couples  and  also  (under  certain  conditions) 
in  respect  of  boats  constructed  before  the  regulations  were  issued. 
The  interior  of  a  cabin  must  be  kept  clean,  and  repainted  every  three 
years.  Bilge  water  must  be  pumped  out  daily.  The  master  of  the 
boat  must  notify  any  case  of  infectious  disease,  and  the  boat  may  be 
detained  for  purposes  of  cleansing  and  disinfection. 

The  Act  of  1884  places  the  duty  of  enforcing  the  Acts  and 
regulations,  and  of  reporting  annually  to  the  Local  Government 
Board,  upon  local  authorities  through  whose  districts  a  canal  passes. 
The  Board  is,  moreover,  to  appoint  inspectors,  to  inquire  as  to  the 
working  of  the  Acts  and  to  report  annually  to  Parliament. 

Factory  and  Workshop  Act,  1 901 . — This  Act  consolidates, 

with  amendments,  all  previous  Acts*  relating  to  factories  and  work- 
shops. 

Definitions. — "Factories"  include  (1)  all  places  in  which  me- 
chanical poAver  is  used  in  aid  of  the  manufacturing  processes ;  and 
(2)  all  places,  whether  mechanical  power  is  used  or  not,  in  wliich 
certain  industries  specified  in  Part  I.  of  Schedule  YI.  of  the  Act  are 
carried  on.  "Workshops"  include  (1)  certain  places  specified  in 
Part  II.  of  Schedule  VI.,  if  they  are  not  factories  by  reason  of  the 
fact  that  mechanical  power  is  used;  (2)  any  other  premises  (not 
being  factories)  in  which  manual  labour  is  exercised  by  way  of  trade 
or  for  purposes  of  gain  in  or  incidental  to  the  making,  altering, 
repairing,  ornamenting,  finishing,  or  adapting  for  sale  of  any 
article,  and  to  or  over  which  the  employer  of  the  persons  working 
there  has  the  right  of  access  or  control;  and  (3)  any  workplace 
(termed  in  the  Act  "tenement  workshop")  in  which,  "with  the 
permission  of,  or  under  agreement  with,  the  owner  or  occupier,  two 
or  more  persons  carry  on  any  work  which  would  constitute  the 
workplace  a  workshop  if  the  persons  working  therein  were  in  tlie 
employment  of  the  owner  or  occupier.  This  third  group  is 
included  for  the  first  time  under  the  Act  of  1901. 

Laundries  do  not  come  within  the  definitions  of  factory  and 
workshop;  there  is  a  section  (103)  of  the  Act  which  specially 
relates  to  them  (subject  to  certain  exemptions,  as  regards  laundi-ics 
in  which  the  persons  employed  are  inmates  of  prisons,  reformatories, 


•  In  recent  years  important  Acts  were  passed  in  1878,  1883,  1891,  and  ISSif). 
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etc.,  or  inmates  of  an  institution  conducted  for  religious  or  charitable 
purposes,  or  members  of  the  same  family  dwelling  there,  or  in 
which  not  more  than  two  persons  dwelling  elsewhere  are  employed). 
So  far  as  sanitation  and  means  of  escape  from  fire  are  concerned, 
laundries  to  which  the  Act  applies  are  to  be  treated  as  factories  or 
workshops,  according  as  mechanical  power  is,  or  is  not,  used. 

"  Workplace  "  is  not  defined  in  the  Act ;  in  a  case  under  Section 
38  of  the  Public  Health  (London)  Act,  1891,  Bennett  versus  Hard- 
ing, it  was  held  that  "  workplace  "  includes  any  "  place  where  work 
is  done  permanently,  and  where  people  assemble  together  to  do 
work  permanently  of  some  kind  or  other."  A  stable  and  stable-yard 
Avhere  men  were  employed  as  cab-cleaners  and  horsekeepers  was 
therefore  held  to  be  a  workplace.  The  term  has  thus  Avider  signifi- 
cation than  the  term  workshop.  The  kitchens  of  restaurants,  for 
example,  thougli  not  workshops,  come  within  the  meaning  of  tlie 
term  workplace. 

The  Act  of  1901  is  divided  into  ten  parts.  Part  I.  deals  \di\\ 
Health  and  Safety ;  Part  II.  with  Hours  of  Employment,  Overtime, 
etc. ;  Part  III.  with  the  Education  of  Children ;  Part  IV.  ^vith 
Dangerous  and  Unhealthy  Industries;  Part  V.  with  Tenement 
Factories,  Cotton  Cloth,  and  other  Humid  Factories,  Bakehouses, 
Laundries,  Docks,  etc. ;  Part  VI.  with  Home  Work ;  and  the  other 
parts  with  Administration,  Legal  Proceedings,  etc.  Part  I.  is  tlie 
most  important  part  of  the  Act  from  a  public  health  point  of  view. 

Factories — Under  Section  1  every  factory,  except  a  domestic 
factory,  must  be  kept  in  a  cleanly  state ;  must  be  kept  free  from 
effluvia  arising  from  any  drain,  water-closet,  earth-closet,  privy, 
urinal,  or  other  nuisance ;  must  not  be  so  overcrowded  while  work 
is  carried  on  as  to  be  dangerous  or  injurious  to  the  health  of  the 
persons  employed  therein ;  and  must  be  ventilated  in  such  a  manner 
as  to  render  harmless,  as  far  as  practicable,  all  gases,  vapours,  dust, 
or  other  impurities  generated  in  tlie  course  of  tlie  manufacturing 
process  or  handicraft  cari-ied  on,  that  may  be  injurious  to  healtli. 
Sub-section  (3)  of  Section  1  provides,  subject  to  certain  powers  of 
exemption  (as  regards  particular  classes  of  factories)  given  to  tlie 
Secretary  of  State,  that  "  all  the  inside  walls  of  the  rooms  of  a 
factory,  and  all  the  ceilings  or  tops  of  those  rooms,  and  all  the 
passages  and  staircases,  if  they  have  not  been  painted  with  oil  or 
varnished  once  at  least  within  seven  years,  shall  be  limewaslied  once 
<at  least  within  every  fourteen  months,  and  if  they  have  been  so 
painted  or  varnislied  they  shall  be  washed  with  hot  water  and  soap 
once  at  least  within  every  fourteen  months." 

The  administration  of  these  provisions  is  in  the  hands  of  the 
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factory  inspector  of  the  district.  The  duties  of  district  councils  in 
respect  to  factories  are  those  which  relate  to  means  of  escape  in  case 
of  fire,  special  duties  as  regards  domestic  factories  and  underground 
bakehouses  (similar  to  tliose  applying  in  the  case  of  workshops), 
and,  in  places  where  Part  III.  of  the  Public  Health  Acts  Amend- 
ment Act  of  1890  is  in  force,  the  enforcement  of  the  requirement,  in 
Section  22  of  that  Act,  as  to  the  provision  of  suitable  and  suificient 
sanitary  conveniences.    {See  p.  539.) 

Worhsliojjs. — Under  Section  2  the  provisions  of  Section  91  of 
the  Public  Health  Act,  1875,  as  to  cleanliness,  overcrowding,  and 
ventilation  are  to  apply  to  "  every  factory,  workshop,  and  work- 
place, except  any  factory  to  which  the  last  preceding  section 
(Section  1  of  the  Act  of  1901)  applies."  These  provisions  aresupjjle- 
mented  (sub-sections  (2)  and  (3)  of  Section  2)  by  others  which  relate 
to  freedom  from  effluvia,  and  to  limewashing  and  cleansing  of  work- 
shops on  the  certificate  of  a  medical  officer  of  health  or  inspector 
of  nuisances.  Tliese  requirements  and  others  (Sections  3,  7,  and  8), 
to  be  presently  referred  to,  are  to  be  enforced  by  district  councils. 
The  provisions  of  Sections  6  and  9  are  not,  however,  brought  under 
the  law  relating  to  public  health,  and  will  therefore  be  enforced  by 
the  factory  inspectors. 

Section  3  defines  "overcrowding"  in  a  factory  or  workshop;  250 
feet,  or  during  overtime  400  cubic  feet,  per  person,  being  the  limits 
prescribed.  The  Secretary  of  State,  by  special  order,  may  modify 
this  proportion  for  any  period  during  which  artificial  light,  otlier 
than  electric  light,  is  employed  for  illuminating  purposes.  Similarly 
the  proportion  may  be  modified  where  a  workshop  or  workplace,  not 
being  a  domestic  workshop,  is  occupied  by  day  as  a  worksliop  and 
by  night  as  a  sleeping  place.  Notices  specifying  the  number  of 
persons  who  may  be  employed  in  each  room  must  be  affixed  in  every 
factory  and  workshop. 

Section  4  enjpowei'S  the  Secretary  of  State  to  act  in  default  of  the 
local  authority  in  the  event  of  his  being  satisfied  that  the  authority 
have  failed  to  carry  out  "the  provisions  of  this  Act  or  of  the  law 
relating  to  public  health  in  so  far  as  it  affects  factories,  workshops, 
and  workplaces."  Any  expense  incurred  may  be  recovered  from  the 
local  authoi-ity. 

Section  5  empowei-s  an  inspector  to  give  notice  concerning  sanitary 
defects,  remediable  under  the  law  relating  to  public  health,  to  the 
local  authority,  who  must  then  take  action  thereon,  and  inform  the 
inspector  of  the  proceedings  taken ;  if  proceedings  are  not  taken 
within  one  month  the  inspector  may  himself  take  proceedings,  and 
may  recover  his  oxpciiHes. 
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Section  6  requii-es  that  in  every  factory  and  workshop  "  adequate 
measures  must  be  taken  for  securing  and  maintaining  a  reasonable 
temperature  in  each  room  in  which  any  person  is  employed.  The 
Secretary  of  State  may,  by  special  order,  direct,  with  respect  to  any 
class  of  factories  or  workshops,  that  thermometers  be  provided  in 
specified  positions. 

Section  7  stipulates  that  suflScient  means  of  ventilation  shall  be 
provided,  and  that  sufficient  ventilation  shall  be  maintained,  in 
every  room  in  any  factory  or  workshop.  The  Secretary  of  State 
may,  by  special  order,  prescribe  a  standard  of  sufiicient  ventilation 
for  any  class  of  factories  or  workshops.  There  is,  moreover,  a  sub- 
section (4)  dealing  with  apportionment  of  the  cost  of  providing 
means  of  ventilation  between  owners  and  occupiers.  Workshops 
where  men  only  are  employed  are  exempted  from  the  operation 
of  this  section.  (Such  workshops  are  also  excluded  from  the  opera- 
tion of  the  sections  relating  to  temperature,  thermometers,  and 
some  other  matters,  Section  157.) 

Section  8  prescribes  that  in  cases  where  any  process  is  carried  on 
which  renders  the  floor  liable  to  be  wet,  adequate  means  of  drainage 
shall  be  provided. 

Section  9  requires  sufficient  and  suitable  accommodation  in  the 
way  of  sanitary  conveniences  to  be  provided,  with  proper  separate 
accommodation  for  persons  of  each  sex.  The  Secretary  of  State 
shall,  by  special  order,  determine  what  is  sufficient  and  suitable 
accommodation.  The  section  does  not  apply  to  London,  or  to  any 
place  where  Section  22  of  the  Public  Health  Acts  Amendment  Act, 
1890,  is  in  force. 

Safety  from  Fire. — Section  14  makes  it  the  duty  of  a  district 
council  (in  London,  of  the  London  County  Council)  to  see  that 
factories  and  workshops  are  provided  with  sufficient  means  of  escape 
in  case  of  fire.  Every  factory  of  wliich  the  construction  was  com- 
menced after  January  1st,  1892,  and  every  workshop  of  which  the 
construction  was  commenced  on  or  after  January  1st,  1896,  must,  if 
more  than  forty  persons  are  employed,  be  furnished  with  a  certificate 
from  the  district  council,  to  the  efi'ect  that  it  is  provided  with  such 
means  of  escape  as  can  reasonably  be  required  in  the  circumstances 
of  the  case.  The  district  council  must  from  time  to  time  ascertain, 
as  regards  all  other  factories  and  workshops,  in  whicli  more  than 
forty  persons  are  employed,  whether  tliey  are  provided  with  such 
means  of  escape  from  fire  as  can  reasonably  be  required,  and,  if 
they  are  not,  must  serve  on  the  owner  a  notice  specifying  what 
should  be  done.  If  the  owner  disagrees  the  dispute  is  to  be  deter- 
mined by  arbitration  in  the  manner  prescribed  in  the  Act.  Section 
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16  newly  empowers  district  councils  to  make  by-laws  providing  for 
means  of  escape  from  fire  in  the  case  of  any  factory  or  workshop. 

Parts  II.  and  III.  of  the  Act  need  not  be  here  further  referred 
to.  Some  of  the  provisions  of  Part  IV.  relating  to  Dangerous  and 
Unhealthy  Industries,  require  to  be  specially  mentioned.  Thus, 
Section  73  provides  that  every  medical  practitioner  attending  on,  or 
called  in  to  visit,  a  patient  whom  he  believes  to  be  suffering  from 
lead,  phosphorus,  arsenical  or  mercurial  poisoning  or  anthrax,  con- 
tracted in  any  factory  or  workshop,  shall  notify  the  fact  to  H.M.  Chief 
Inspector  of  Factories.  The  Secretary  of  State  may,  by  special 
order,  apply  the  provisions  of  the  section  to  any  other  disease 
occurring  in  a  factory  or  workshop.  Sections  74 — 78  relate  to  the 
provision  of  ventilation,  by  means  of  a  fan,  in  particular  factories 
and  workshops,  with  the  provision  of  lavatories,  with  arrange- 
ments as  to  meals  in  certain  dangerous  industries,  and  with  other 
restrictions  imposed  in  the  case  of  particular  trades.  Sections 
79 — 86  relate  to  regulations  for  dangerous  trades,  the  procedure  to 
be  adopted  in  such  cases,  inquiries  as  to  draft  regulations,  etc. 
"  Special  rules "  have  been  applied  in  the  past  to  white  lead  and 
other  kinds  of  lead  works,  to  lucifer-match  works,  and  to  works  in 
which  earthenware  and  china,  explosives,  bichromate,  etc.,  are 
manufactured. 

Part  V.  contains  important  provisions  as  to  cotton  cloth,  and 
other  humid  factories  (Sections  90 — 96),  bakehouses  (Sections  97 — ■ 
102),  laundries  (Section  103),  docks  (Section  104),  etc.  As  regards 
Htimid  Factories,  the  Cotton  Cloth  Factories  Act,  1889,  already 
regulated  humidity  and  temperature  in  such  places,  and  an 
amending  Act  of  1897  contained  the  provision  that  the  air  in 
Immified  cotton  cloth  factories  must  not  contain  more  than  -9  part 
of  CO.J  per  1,000  parts  of  air.  These  provisions  are  re-enacted  in 
the  Factory  and  Workshop  Act,  1901.  It  is  prescribed  that  the 
amount  of  moisture  in  the  atmosphere  must  not  exceed  an  amount 
shown  in  a  table  (appended  in  the  fourth  schedule  to  the  Act) 
which  gives  maximum  limits  of  humidity  at  different  temperatures. 

Bakehouses  are  subject  to  the  general  provisions  of  the  Act. 
They  are  either  factories  or  workshops,  according  as  meclianical 
power  is  or  is  not  used.  A  general  power  (Section  98)  is  given,  in 
the  case  of  premises  in  such  a  state  as  to  be  on  sanitary  grounds 
unfit  for  occupation  as  a  bakehouse,  to  bring  tlie  case  before  a  court 
of  summary  jurisdiction,  which  may  impose  a  fine  and  order  meana 
to  be  adopted  for  removing  the  ground  of  complaint.  In  addition 
there  are  other  special  sections  relating  to  bakehouses,  tlie 
provisions  of  which  may  be  summarised  as  follows: — 
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Section  97. — A  bakehouse  must  not  contain  or  commuuicatt- 
directly  witli  a  water-closet,  eartli-closet,  privy,  or  ashpit  j  a  cistern 
supplying  water  to  a  bakehouse  must  be  separate  from  any  cistern 
supplying  water  to  a  water-closet ;  again  a  sewage  pipe  or  drain  must 
not  have  any  opening  in  a  bakehouse. 

Section  99.^ — All  inside  walls  and  ceilings  of  rooms,  and  all 
passages  and  staircases  must  be  limeAvashed  evei-y  six  months,  or 
coated  with  three  coats  of  paint,  or  varnish,  every  seven  years,  and 
washed  with  hot  water  and  soap  every  six  months;  if  not,  the 
bakehouse  will  be  deemed  not  to  be  kept  in  conformity  Avith  the  Act. 

Section  100. — Places  on  the  same  level  vnth  a  bakehouse,  and 
forming  part  of  the  same  building,  must  not  be  used  as  sleeping 
places  unless  efi'ectually  separated  from  the  Ijakehouse  by  a  partition 
from  floor  to  ceiling,  and  provided  with  an  external  glazed  window 
at  least  9  square  feet  in  area,  of  which  feet  must  be  made  to 
open  for  ventilation.  For  a  first  offence  a  penalty  of  £1,  and  for  a 
second  or  subsequent  offence  a  penalty  of  £o  may  be  imposed,  both 
on  the  person  occupying  and  on  the  person  letting  or  knowingly 
suffering  the  place  to  be  occupied. 

Section  101  provides  that  "  an  underground  bakehouse  shall  not  be 
used  as  a  bakehouse  unless  it  was  so  used  at  the  passing  of  the 
Act";  further,  that  after  January  1,  1904,  *'an  underground  bake- 
house shall  not  be  used  unless  certified  by  the  district  council  to  be 
suitable  for  that  purpose."  An  underground  bakehouse  is  defined 
as  being  one  "any  baking  room  of  wliich  is  so  situate  that  the 
surface  of  the  floor  is  more  tlmn  three  feet  below  the  surface  of  the 
footway  of  the  a.djoining  street  or  of  the  ground  adjoining  or 
nearest  to  the  room."  These  regulations  are  to  be  enforced  (Section 
102)  in  the  case  of  "  retail  bakehouses  "  by  the  district  council.  In 
London  they  are  enforced  by  the  borough  councils  in  all  bakehouses, 
whetlier  retail  or  not,  whicli  are  workshops. 

Part  VT.  relates  to  Borne  Work.  Section  107  requires  that  lists 
of  "  outworkers,"  in  such  classes  of  work  as  may  from  time  to  time 
be  specified  by  special  order  of  tlie  Secretary  of  State,  sliall  be  kept 
by  occupiers  of  factories  and  workshops  and  contractors  employed 
by  them,  and  sliall  be  forwarded  twice  yearly  to  tlie  district  council. 
The  council  shall  furnish  particulars  as  to  outworkers  employed  out- 
side their  district  to  the  council  of  tlie  district  in  which  the  place  of 
employment  is  situated.  Section  108  empowers  the  district  council 
to  give  notice  to  employers  proliibiting  woi'k  being  done  upon 
unwholesome  premises.  This  power  is  limited  to  particular  classes  of 
home-work  specified  by  special  order  of  the  Secretary  of  Stiite. 
Section  109  prohibits  the  making,  cleansing,  or  repairing,  of  wearing 
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apparel  in  places  where  there  is  scarlet  fever  or  small-pox,  and 
Section  110  prohibits  home-work  (of  certain  kinds  specified  by 
special  order)  in  a  house  any  inmate  of  wliich  is  suffering  from  any 
infectious  disease  required  by  law  to  be  notified  to  the  local 
authority.  Section  111  deals  with  t lie  application  of  the  Act  to 
domestic  factories  and  workshops. 

Section  131  newly  imposes  on  district  councils  the  duty  of  keeping 
!i  register  of  workshops  in  their  districts,  and  Section  132  requires 
the  council's  medical  officer  of  health  for  the  future,  in  his 
annual  report  to  the  council,  to  report  specifically  on  the  adminis- 
tration of  the  Act  in  workshops  and  workplaces  (provisions  as  to 
sanitation,  bakehouses,  and  home-work),  and  to  forward  a  copy  of 
his  report  on  the  subject  to  the  Secretary  of  State.  It  is,  moreover, 
under  Section  133,  the  duty  of  the  medical  officer  if  he  finds  any 
woman,  young  person,  or  child  employed  in  a  Avorkshop  in  which 
no  abstract  of  the  Act  is  posted  up,  to  inform  the  District  Inspector 
of  Factories  of  the  fact,  in  writing. 

Alkali,  etc.,  Works  Eegulation  Acts,  1881  and  1892.  (>S'eep.  77.) 
Tlie  Amending  Act  of  1892  extended  the  operation  of  the  principal 
Act  to  Venetian  red  works,  arsenic  works,  and  some  other  trades. 

Cemeteries  and  Burial  Grounds.— The  evils  resulting  from- 

intra-mural  burials  and  from  overcrowding  of  burial  grounds 
attracted  much  attention  towards  the  middle  of  the  last  century. 
In  1834  Sir  EdAvin  Chadwick  reported  on  the  subject.  The  over- 
crowding of  metropolitan  churchyards  gradually  led,  at  about  this 
time,  to  the  formation  of  cemetery  companies,  and  it  was  with  a 
vieAv  to  providing  a  code  of  rules,  to  be  applied  in  cases  in  which 
private  companies  made  application  for  the  necessary  powers,  tliat 
the  Cemeteries  Clauses  Act  of  1847  was  passed.  In  this  Act, 
such  obligations  as  the  following  were  imposed  : — 

"  The  cemetery  is  not  to  be  constructed  nearer  to  any  dwelling- 
house  than  two  hundred  yards,  except  witli  the  consent  of  the  owner 
and  occupier." 

"The  cemetery  must  be  enclosed  by  substantial  walls  or  iron 
railings  of  the  height  of  eight  feet  at  least." 

In  1850  a  Royal  Commission  reported  on  the  question  of  burial^ 
and,  as  a  result  of  their  inquiries  and  recommendations,  the  General 
Boai-d  of  Health  was  made  the  burial  authority  in  the  metropolis, 
and  it  was  intended  that  it  sliould  assume  control  over  existing 
j.rivate  cemeteries  and  make  any  necessary  additional  provision. 
This  scheme,  however,  pro\v  d  an  abortive  one.  The  Public  Health 
Act  of  1848  had,  it  may  be  noted,  forbidden  tln-oughout  the  country 
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generally  interments  underneath,  or  within  the  walls  of,  any  church 
built  after  that  year. 

The  Burial  Act,  1852 — This,  the  first  of  the  Burial  Acts,  provided 
that  no  new  burial  ground  or  cemetery  within  two  miles  of  the  metro- 
polis should  be  brougJit  into  use  without  the  approval  of  the  Secre- 
tary of  State,  and  it  authorised  the  making  of  Orders  in  Council  for 
the  discontinuance  of  burials  in  any  part  of  the  metropolis  subject  to 
certain  exceptions ;  it  also  provided  for  the  constitution  of  bui-ial 
boards  for  parochial  areas.  The  Act  originally  applied  only  to  the 
metropolis,  but  in  1853  its  operation  Avas  extended  to  the  whole  of 
England  and  Wales.  In  1855  an  amending  Act  provided  for  the 
appointment  of  burial  boards  for  united  parishes,  and  prohibited  a 
burial  ground  being  within  LOO  yards  of  a  dwelling-house  witliout 
consent.  The  Act  of  1852  empowered  the  Secretary  of  State  to 
make  regulations  as  to  burial  grounds,  for  the  protection  of  the 
public  health  and  the  maintenance  of  public  decency,  and  from  time 
to  time  such  regulations  have  been  made. 

Begulations  for  burial  grounds  provided  under  the  Burial  Acts, 
issued  by  the  Home  Secretary,  1863  : 

(1)  The  burial  ground  shall  be  eflectually  fenced,  and,  if  necessary, 
underdrained  to  such  a  depth  as  will  prevent  water  remaining  in 
any  grave  or  vault. 

(2)  The  area  to  be  used  for  graves  shall  be  divided  into  grave 
spaces,  to  be  designated  by  convenient  marks,  so  that  the  position  of 
each  may  be  readily  determined  and  a  corresponding  plan  kept  on 
which  each  grave  shall  be  shown. 

(3)  The  grave  spaces  for  the  burial  of  persons  above  twelve  years 
of  age  shall  be  at  least  9  feet  by  4  feet,  and  those  for  the  burial  of 
children  under  twelve  years  of  age  6  feet  by  3  feet,  or,  if  preferred, 
half  the  measurement  of  the  adult  grave  space — namely,  4^  feet  hy 
4  feet. 

(4)  A  register  of  graves  shall  be  kept,  in  wliich  the  name  and 
date  of  burial  in  each  shall  be  duly  registered. 

(5)  No  body  shall  be  buried  in  any  vault  or  walled  grave  unless 
the  coffin  be  separately  entombed  in  an  aii--tight  manner — that  is, 
by  properly  cemented  stone  or  brickwork,  whicla  shall  never  be 
disturbed. 

(6)  One  body  only  shall  be  buried  in  a  grave  at  one  time,  unless 
the  bodies  are  tlio.se  of  members  of  the  same  famih'. 

(7)  No  unwalled  grave  shall  be  reopened  within  fourteen  j'^ears 
after  the  burial  of  a  person  above  twelve  years  of  age,  or  within 
eight  years  after  the  burial  of  a  cliild  under  twelve  years  of  age, 
unless  to  bury  another  member  of  tlie  same  family,  in  which  case  a 
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layer  of  earth  not  less  tliau  a  foot  thick  shall  be  left  undisturbed 
above  the  previoxxsly  buried  coffin ;  but  if  on  reopening  any  grave 
the  soil  is  found  to  be  offensive,  such  soil  shall  not  be  disturbed,  and 
in  no  case  shall  human  remains  be  removed  from  the  grave. 

(8)  No  coffin  shall  be  buried  in  any  unwalled  grave  within  four 
feet  of  the  ordinary  level  of  the  ground,  unless  it  contains  the  body 
of  a  child  under  twelve  years  of  age,  when  it  shall  not  be  less  tlian 
three  feet  below  that  level. 

The  Burial  Act,  1855,  provided  that  the  Secretary  of  State 
should  from  time  to  time  appoint  and  authorise  any  person  to 
inspect  any  burial  ground  or  cemetery  to  which  the  regulations 
applied,  to  ascertain  whether  they  had  been  observed.  The  regula- 
tions do  not,  save  in  so  far  as  they  relate  to  common  graves,  apply 
to  private  cemeteries  already  in  existence  in  1852. 

The  Public  Health  Interments  Act,  1879,  extended  the  provisions 
of  the  Public  Health  Act,  1875,  relating  to  mortuaries,  to  ceme- 
teries, and  empowered  Sanitary  Authorities  to  provide  a  cemetery, 
imposing  upon  them  the  obligation  to  do  so  if  required  by  the 
Local  Government  Board.  This  Act  incorporated  the  provisions  of 
the  Cemeteries  Clauses  Act  of  1847.  In  a  circular  letter  dated 
August  19,  1879,  the  Board  referred  to  the  following  as  being 
the  circumstances  under  Avhicli  Sanitary  Authorities  should  take 
action : — 

1.  "Where  in  any  burial  ground  which  remains  in  use  there  is  not 
proper  space  for  burial,  and  no  other  suitable  burial  ground 
has  been  provided. 

2.  Where  the  continuance  in  use  of  an}'  burial  ground  (notwith- 
standing that  there  may  be  such  space)  is  by  reason  of  its  situation 
in  relation  to  the  water  supply  of  any  locality,  or  by  reason  of  any 
circumstances  whatsoever,  injurious  to  the  jDublic  health. 

3.  Where  for  the  protection  of  the  public  health  it  is  expedient 
to  discontinue  burial  in  a  particular  town,  village,  or  place  within 
certain  limits. 

Sanitary  Authorities,  by  tlie  application  to  cemeteries  of  Section 
141  of  the  Act  of  1875,  were,  moreover,  empowered  to  make  by- 
laws with  regard  to  such  places. 

The  Disused  Burial  Grounds  Act,  1884,  provided  that  no  build- 
ings should  be  erected  on  any  disused  burial  ground  to  whicli  the 
Act  applied,  except  for  the  purpose  of  enlarging  a  place  of  woi-sliip, 
and  the  scope  of  this  provision  was  extended  by  the  Open  Spaces 
Act  of  1887,  which  amended  tlie  definitions  of  "disused  burial 
ground  "  and  "  building."  The  last-named  Act  also  gave  facilities  for 
the  acquirement  and  maintenance  as  open  spaces  of  disused  burial 
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gvouuds,  extending  to  other  parts  of  tlie  country,  powers  already 
existing  in  London  in  virtue  of  the  Metropolitan  Open  Spaces  Acts^ 
of  1877  and  188L    {See  p.  534). 

In  London  existing  places  of  interment  consist  in  the  main  of 
burial  grounds  provided  by  local  authorities  under  the  Burial  Acts 
and  of  private  cemeteries  provided  under  special  Acts.  In  the  country 
generally  the  question  which  arises,  in  any  particular  place  in  whicli 
the  local  authority  decides  that  a  place  of  interment  shall  be  pro- 
vided, is  whether  the  provision  should  be  made  by  the  authority 
itself  under  the  Public  Health  Interments  Act,  1879,  or  by  a 
burial  board  under  the  Burial  Acts.  The  prescribed  distance  from 
houses,  and  the  requirements  as  to  enclosure  and  fencing,  differ 
somewhat  under  these  alternative  methods  of  procedure,  and  a  portion 
of  a  burial  ground  must  be  consecrated,  whereas  this  is  not  a 
necessity  in  the  case  of  a  cemetery.  Further,  a  burial  board  has 
no  compulsory  powers  of  purchase,  and,  most  important  consider- 
ation of  all,  there  is  the  question  whether  the  area  for  which  the 
cemetery  is  required  is  entirely  included  witliin  the  area  over  which 
the  Sanitary  Authority  has  jurisdiction. 

As  a  matter  of  fact,  the  outstanding  loans  of  burial  boards  largely 
exceed  in  amount  the  sums  borrowed  by  Sanitary  Authorities  under 
the  Interments  Act.  This  circumstance  finds  explanation  in  the 
consideration  that  prior  to  1879  rural  authorities  had  no  power  to 
provide  burial  grounds,  and  urban  authorities  could  only  do  so 
when  they  acted  as  burial  boards  under  the  Burial  Acts.  Further- 
more, the  need  of  making  provision  for  areas  not  necessarily  coin- 
cident in  boundary  with  sanitary  areas,  and  tlie  fact  that  the  rural 
authority  contains,  as  a  rule,  representatives  of  many  parishes,  while 
a  burial  board  can  be  appointed  from  persons  residing  in  a  particular 
parish,  or  other  limited  area,  still  lead  in  many  instances  to  the 
provision  of  burial  grounds  under  tlie  Burial  Acts  instead  of  under 
the  Public  Health  Acts. 

In  a  Memorandum  on  the  Sanitary  Requirements  of  Cemeteries, 
issued  by  the  Local  Government  Board  in  1888,  it  was  pointed  out  that 
the  dangers  to  the  public  health,  to  which  places  of  burial  may  give 
rise,  are  of  two  kinds — there  is  risk  of  contamination  (1)  of  air,  by 
gaseous  and  volatile  substances,  and  (2)  of  drinking  water,  by 
liquid  products  of  decomposition.  As  regards  the  former,  the  risk 
nmst  be  obviated,  according  to  the  Memorandum,  by  limiting  the 
number  of  decomposing  bodies,  causing  a  sufficient  depth  to  inter- 
vene; between  the  corpses  and  the  surface,  clioosing  suitable  soils, 
and  providing  for  their  adequate  drainage.  Moreover,  the  place  of 
Inirial  should  be  "  in  an  open  situation  and  at  a  sufficient  distance 
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from  dwellings."  As  regards  the  latter  risk,  suitability  of  soil  and 
efficient  means  of  drainage  are  of  importance,  and  the  burial 
ground  should  be  "at  a  sufficient  distance  from  subterranean 
sources  of  water  supply." 

The  sanitary  requirements  for  a  cemetery  are  summed  up  under 
four  heads : — 

(1)  Suitable  soil  and  a  jwoj^er  elevation  of  site. — The  soil  should  be 
of  an  open  pox'ous  nature  with  numerous  close  interstices.  It  should 
be  easily  worked,  and  free  from  water  or  hard  rock  to  a  depth  of  at 
least  8  feet ;  if  not  naturally  free  from  water,  it  should  be  adequately 
drained,  and  for  that  purpose  should  be  sufficiently  elevated  above 
the  drainage  level  of  the  locality.  Loam  and  sand  with  a  sufficient 
quantity  of  vegetable  mould  are  the  best,  clay  and  loose  stones  the 
worst  forms  of  soil. 

(2)  Sidtable  position,  especially  with  respect  to  laouses  and  sources 
of  water  supply.  Public  convenience  requires  that  the  cemetery 
shall  not  be  too  far  distant  from  the  population  for  whicli  it  is 
intended ;  a  due  regard  to  public  health  requires  that  it  shall  not 
be  dangei'ously  near.  As  already  mentioned,  a  distance  of  200 
yards  from  the  nearest  dwciUing-house,  except  with  the  consent  of 
the  owners  and  occupiers,  is  sometimes  specified.  It  is  clear  that 
the  drainage  of  a  cemetery  should  not  be  allowed  to  enter  a  stream 
used  for  the  supply  of  water  for  domestic  purposes.  The  Memo- 
randum points  out  that  it  does  not  appear  "  that  the  risk  to  which 
wells  are  exposed  from  the  proximity  of  a  properly  managed  ceme- 
tery is  in  ordinaiy  cases  great.  A  leaky  cesspool  is  a  far  greater 
source  of  danger  than  a  grave.  The  solid  and  liquid  excretions 
voided  by  a  human  being  in  the  course  of  a  single  year  amount  to 
several  times  the  weight  of  his  body." 

(3)  Hufficiency  of  space. — The  size  of  grave  spaces  and  the  time 
deemed  necessary  for  decomposition  have  been  dealt  with  in  the 
Home  Office  regulations  already  referred  to.  As  regards  population, 
an  allowance  of  a  quarter  of  an  acre  per  thousand  inhabitants 
is  usually  estimated  as  being  the  minimum  for  a  period  of  fourteen 
years. 

(4)  Vrofer  regulation  and  vianayement. — Tliis  matter  is  made  a 
subject  of  consideration  in  tho  model  by-laws  and  in  the  regulations 
issued  l)y  the  Home  Secretary. 

Within  recent  years  a  system  of  disposing  of  dead  bodies  has 
been  advocated,  which  if  adopted  would  involve  considerable  or 
entire  reorganisation  of  existing  methods  of  burial.  "  Surface  burial  " 
is  usually  understood  to  imply  the  employment  of  porisliable  coffins 
placed  near  the  surface ;  by  this  means,  more  rapid  dissolution  may 
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be  anticipatod  than  occurs  when  resistant  coffins  are  used  and 
Avhen  these  are  placed  at  some  depth.  Sir  Seymour  Haden,  as  tlie 
result  of  experiments  which  he  made  Avith  the  bodies  of  animals, 
found  that  a  period  of  "  something  more  tlian  four  years  (depending 
mainly  on  the  size  of  the  animal  buried)  was  necessary  for  complete 
dissolution ;  and,  speaking  roundly,  tliat  for  exerj  foot  of  depth 
below  the  surface  a  year  or  thereabouts  was  necessary ;  for  a  depth 
of  3  feet,  three  years ;  of  2  feet,  two  years ;  and  of  1  foot,  one  year. 
In  a  word,  tliat  dissolution  was  rapid  in  proportion  as  the  grave  was 
shallow  and  the  soil  porous."  He  pointed  out  that,  if  the  system  of 
burial  near  the  surface  in  perishable  coffins  were  adopted,  the  land 
after  the  lapse  of  a  few  years  would  again  be  liberated  for  purposes 
of  hygiene  or  of  utility.  He  further  referred  to  the  experience  of  tlie 
Commission  appointed  by  the  Prussian  Governmeiit  to  inquire  into 
the  condition  of  the  dead  in  the  battlefields  of  the  Vosges.  The 
Commission  found  that,  after  the  lapse  of  nine  months  or  tliere- 
abouts,  "  in  cases  in  which  as  many  as  800  dead  bodies,  in  the  hurry 
incident  to  rapid  military  movements,  had  been  thrust  into  one 
shallow  excavation,"  the  bodies  had  already  disappeared,  their  bones 
and  accoutrements  alone  being  left;  but  to  this  unexpected  dis- 
appearance there  was  a  remarkable  exception — the  bodies  of  officers 
buried  in  their  mackintoshes  (which  thus  represented  more  or 
less  the  condition  of  bodies  buried  in  coffin^s)  had  not  disappeared. 
Coffins  made  of  paper  pulp  or  millboard  about  one-eighth  of  an  incli 
in  thickness,  on  a  framework  of  wood,  have  been  recently  intro- 
duced, but  they  have  not  hitherto  been  mucli  used,  and  experience 
is  wanting  as  to  the  applicability  of  surface  burial  on  a  large  scale. 
(See  lleport  by  C.  W.  F.  Young,  Appendix  III.,  Ann.  Rep.  INIed. 
Off.  County  of  London,  1899). 

Cremation,— This  method  of  dealing  Avith  dead  bodies  has  been 
widely  adopted  at  various  times  in  the  Avorld's  history.  In  recent 
years  the>-e  lias  been  a  steady  growth  of  opinion  in  favour  of  the 
practice  among  civilised  nations.  In  1883  a  judgment  was  given 
by  Sir  James  Stephen  to  the  effect  that  cremation  was  a  legJil 
proceeding  if  no  nuisance  Avas  caused,  and  in  1885  the  Cremation 
Society,  Avhich  had  been  established  in  1874,  carried  out  its  first 
cremation  at  Woking.  In  1898  the  number  of  bodies  cremated  in 
a  year  at  Woking  had  risen  to  240,  and  in  tliis  country  crematoria 
have  also  been  establislied  at  Manchester,  GlasgoAv,  Liverpool,  and 
Hull.  During  the  ten  years,  ending  1898,  3,700  cremations  are  sjiid 
to  have  been  carried  out  in  Paris,  and  up  to  that  year  3,110  were 
effected  in  Germany,  Avliile  70  crematoria  in  all  had  been  established 
in  Europe  and  America,  this  number  including  27  in  Italj',  20  in 
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the  United  States,  5  in  Germany,  2  in  Smtzerland  and  Sweden, 
and  1  in  Norway.  There  has,  therefore,  been  a  steady  extension  of 
the  practice  of  cremation.  In  the  modern  crematorium  an  ordin- 
ary body  is  reduced  to  some  3  lbs.  of  ash  in  about  two  hours.  The 
advantages  of  cremation  from  tlie  point  of  vieAv  of  the  public  health 
are  obvious;  in  particular  it  has  been  urged  that  it  at  once  destroys 
the  germs  of  infectious  disease. 

Several  objections  have  been  raised  to  the  practice.  Sentiment 
has  been  opposed  to  it  in  the  past,  but  the  force  of  this  class  of 
opposition  appears  to  be  Avaniug.  The  only  hostile  criticism  whicli 
really  demands  serious  notice  is  the  contention  that,  inasmuch  as  it 
would  be  impossible  to  exhume  for  purposes  of  chemical  examination, 
<;ases  of  poisoning  would  be  less  likely  to  be  detected,  and  that  this 
might  lead  to  increase  of  crime.  Under  existing  conditions  exhu- 
mation is  very  rarely  resorted  to,  but  it  is  urged  that  the  fact  that  it 
may  be  practised  in  a  particular  case  acts  as  a  deterring  influence. 
An  improved  system  of  death  certification,  and  the  retention  in  par- 
ticular instances  of  the  stomach  and  of  a  portion  of  one  of  the 
viscera,  have  been  suggested  as  being  practical  means  of  obviating 
all  risk  in  this  connection.  It  is  quite  clear  that  much  more  can  be 
done,  in  the  direction  of  preventing  crime,  by  improving  the  certifi- 
cation system,  than  is  effected  by  its  being  known  that  the  body  of 
a  person  who  has  been  poisoned  may  at  a  later  date  be  exhumed  for 
the  purposes  of  examination. 

By-Laws  and  Regulations. 

The  Local  Government  Board  first  issued  nine .  sets  of  model 
by-laws  in  July,  1877.  In  July,  1882,  sixteen  principal  series  had 
been  issued,  and  two  further  sets  have  since  been  framed.  The 
subjects  to  which  these  eighteen  groups  of  model  by-laws  relate 
.are  as  follows : — 

I.  Private  Scavenging.  XI.  Hones,  etc.,  standhiff  for  7dre. 

11.  Prevention  of  nuisances.  XII.  Pleas u/re  boats. 

III.  Common  Lodging-hou-ses.  XIII.  Houses  let    in    lodgings  or 

\y .  New  Streets  and  JJnildings.  occupied    by  members  of 

V.  Markets.  more  than  one  family. 

VI.  Private  Slaughtei'-liouses.  XIV.  Cemeteries. 

VII.  Hackney  carriages.  XV.  Mortuaries. 

VIII.  Public  bathing.  XVI.  Oj/hisive  trades. 

IX.  Public  baths,  washhouscs,  and    XVII.  Hop-pickers  and  fruit-pickers, 
open  bathing  places.  XVITI.  Tents  and  vans. 

X.  Pleasure  grounds. 

There  are  a  few  other  subject-matters  concerning  which  by-laws 
can  be  made,  but  with  regard  to  which  model  by-laws  have  not  been 
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issued.  Such  are  public  slaughter-liouses,  public  conveyances,  puljHc 
recreation  grounds,  streets  and  buildings  (the  by-law  making  powers 
aiven  by  Sec.  157  of  the  1875  Act  being  extended  by  Section 
23  of  the  Act  of  1890),  removal  of  offensive  material  through 
the  •  streets,  and  removal  of  house  refuse  (powers  to  control 
these  matters  being  also  given  under  the  Act  of  1890).  Local 
authorities  are  empowered  to  make  certain  regulations,  notably 
under  the  dairies,  cowsheds,  and  milk  shops  Orders,  also  with  regard 
to  public  sanitary  conveniences,  cabmen's  shelters,  and  allotments. 
There  is  further  a  power  to  make  regulations  (to  be  approved  by  the 
Local  Government  Board)  for  removing  to  hospital  infected  persons 
brought  within  a  district  by  ships.  Some  by-laws  (those  indi- 
cated in  italics  in  the  list  given  above)  can  only  be  made  by 
urban  authorities.  It  may,  moreover,  be  noted  that  by-laws  as  to 
common  lodging-houses  and  slaughter-houses  miisi  be  made  by 
urban  authorities;  as  regards  the  other  matters,  the  powers  are 
permissive,  and  no  obligation  is  placed  on  the  authority  to  make  the 
by-laws. 

Section  182  of  the  Public  Health  Act,  1875,  contains  the  words  :— 
"  No  by-law  made  under  this  Act  by  a  local  authority  shall  be  of  any 
effect  if  repugnant  to  the  laws  of  England  or  to  the  provisions  of 
this  Act."  In  order  not  to  be  repugnant  to  the  general  law,  a  by- 
law must  be  reasonable  and  certain  and  determinate.  The  Local 
Government  Board,  in  a  circular  letter  of  July,  1877,  pointed  out, 
as  regards  reasonableness,  that  "  The  exercise  of  the  power  which 
the  Legislature  has  confided  to  Sanitary  Authorities  must  frequently 
bring  them  into  contact  with  important  interests.  Within  certain 
limits  they  may  regulate  the  conduct  of  persons  employed  in  certain 
specified  callings.  They  may  impose  restrictions  upon  the  enjoy- 
ment of  individual  rights  and  privileges.  Trade  and  property  may, 
under  certain  conditions,  be  affected  by  their  action.  These  con- 
•siderations  point  to  the  necessity  for  prudence  and  deliberation  m 
the  choice  of  by-laws,  so  that  the  duties  and  restraints  which  they 
create  may  not  interfere  oppressively  with  individual  freedom  of 
action."  Two  instances  of  judgments  given  in  the  courts  may  be 
cited ;  thus  a  by-law  prohibiting  the  keeping  of  svdne  vathin  fifty 
feet  of  any  dwelling-house,  within  a  rural  district,  was  held  to  be 
unreasonable;  on  the  other  hand,  in  an  urban  district  a  by-law 
prohibiting  the  keeping  of  swine  within  100  feet  of  a  dwelling- 
lioiLse  has  been  held  to  be  reasonable. 

As  regards  the  need  for  making  by-laws  certain  and  determinate, 
the  Board,  in  the  circular  letter  above  referred  to,  point  out  that 
assumption  by  the  Sanitary  Authority  of  "  power  of  suspending  the 
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operation  of  pai-ticulax>  provisions  in  individual  cases  is  open  to  much 
objection."  Again,  the  Board  disapproves  of  inserting,  in  place  of 
"necessary  details,"  "vague  conditions  which  render  compliance 
with  the  by-laws  dependent  upon  the  approval  by  the  Sanitary 
Authority  or  their  officers  of  the  mode  of  proceeding  in  each  case." 
The  letter  states  that  "  The  Board  think  that  every  person,  who 
by  neglect  of  the  rules  which  a  by-law  is  intended  to  prescribe  may  be 
rendered  liable  to  a  penalty,  is  entitled  to  demand  from  those  who 
impose  such  rules  a  clear  statement  of  tlie  course  of  action  wliich 
must  be  followed  or  avoided." 

As  regards  the  need  for  a  by-law  not  being  repugnant  to  the 
provisions  of  the  Act  under  which  it  is  made,  the  Board  point  out 
that  "authorities  cannot  legally  assume  the  power  of  making  by- 
laws for  carrying  out  the  general  objects  of  the  Act,  It  follows, 
therefore,  that  every  by-law  must  be  strictly  limited  with  reference 
to  the  terms  of  the  specific  enactment  from  which  its  force  is 
derived.  Any  attempt  by  the  strained  construction  of  any  such 
enactment  to  extend  the  range  of  a  by-law  should  especially  be 
avoided." 

Section  182  of  the  Act  of  1875  provides  that  by-laws  shall  be 
under  the  common  seal  of  the  local  authority,  and  Section  185 
requires  that  they  shall  be  printed  and  exhibited  and  open  to 
inspection.  By-laws  are  of  no  validity  until  they  have  been  con- 
firmed by  the  confirming  authority;  in  this  respect,  and  also  by 
reason  of  the  fact  that  infringement  of  the  provisions  of  a  by-law 
entails  liability,  as  a  rule,  to  the  imposition  of  a  penalty,  they  differ 
from  "regulations."  Sometimes  regulations,  however,  require  con- 
firmation, and  in  particular  instances  regulations  contain  a  penalty 
clause,  so  that  the  distinctions  mentioned  are  not  of  invariable 
application. 

The  following  is  a  brief  summary  of  the  provisions  contained  in 
the  model  by-laws  :  — 

I.  Private  Scavenging.— Under  Section  U  of  the  Act  of 
1875  it  is  provided  that  "  where  the  local  authority  do  not  them- 
selves undertake  or  contract  for 

"  The  cleansing  of  footways  and  pavements  adjoiiung  any 

premises ; 

"  The  removal  of  house  refuse  from  any  premises; 

"  The  cleansing  of  eartli-closets,  privies,  ashpits,  and  cess- 
pools belonging  to  any  premises; 
"they  may  make  by-laws  imposing  the  duty  of  such  cleansing 
or  removal,  at  such  intervals  as  they  think  fit,  on  the  occupier  of 
any  such  premises." 
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The  ]oy-la\vs  are  only  applicable  in  districts  in  which  the  local 
authority  do  not  themselves  perform  the  work  of  scavenging. 
Under  ,  ^egtion  42  of  tlie  Act  a  local  authority  may,  and  when 
required  by  order  of  the  Local  Government  Board  shall,  undertake 
such  duties. 

Where  this  is  not  done  it  is  usual  for  by-laws  to  impose  upon 
occupierg  of  premises  the  duty  of  providing  for  the  daily  cleansing 
(Sundays  excepted)  of  footways  and  pavements ;  for  the  weekly 
removal  of  house  refuse  ;  for  the  cleansing  once  at  least  in  every 
three  months  of  earth-closets  with  fixed  receptacles,  and  once  at 
least  in  every  week  of  earth-closets  yvith  movable  receptacles ;  for 
the  cleansing  at  least  once  a  week  of  privies,  Avhether  the  recep- 
tacles are,  .fixed  or  movable,  and  of  ashpits,  whether  used  in 
connection  with  privies  or  merely  as  receptacles  for  ashes,  dust, 
and  dry  refuse ;  and  for  the  cleansing  once  at  least  in  every  three 
months  of  cesspools. 

II.  Prevention  of  Nuisances. — By-laws  imder  this  head 
provide  for  the  clearing  away  of  snow  on  footways ;  for  the  use  of 
suitable  vessels  or  receptacles  (with  sufficient  coverings)  for  the 
removal  of  filth ;  for  the  cleansing  of  privies,  etc.,  during  certain 
l\ours  (those  usually  specified  are  betAveen  the  hours  of  6  and  half- 
past  8  in  the  forenoon  in  the  summer  months,  and  the  hours  of  7 
and  half-past  9  in  the  forenoon  in  the  Avinter  months) ;  for  preventing 
night  soil,  manure,  etc.,  being  deposited  for  more  than  twenty-four 
houi's  within  a  specified  distance  (usually  100  yards)  of  any  premises 
used  for  human  habitation,  or  as  a  school,  place  of  public  worship 
or  public  assembly,  or  -place  of  business ;  and  for  the  prevention  of 
nuisance  from  the  unloading  or  depositing,  or  conveyance  through 
the  streets,  of  any  kuid  of  "  filth  emitting  a  stench."  These  by-laws 
also  deal  with  the  keeping  of  swine  in  proximity  to  dwellings,  with 
the  keeping  of  cattle,  or  the  deposit  of  the  dung  of  cattle  in  such 
a  manner  as  to  pollute  any  supph"-  of  water  for  domestic  use, 
witli  the  provision,  construction  and  cleansing  of  dung  I'eceptacles, 
and  witli  the  cleansing  of  stables. 

III.  Common  Lodging-houses.  —  Tliese  by-laws  contain 

provisions — (1)  "For  fixing  and  from  time  to  time  varying  the 
number  of  lodgers  avIio  may  be  received  into  a  common  lodging- 
house,  and  for  the  separation  of  the  sexes  therein."  The  practice 
generally  adopted  is  to  prescribe  the  maximum  number  of  lodgers 
to  be  received  in  each  room  (300  cubic  feet  of  space  is  often  fixed 
as  the-  Vninimum  allowance  in  rooms  used  by  night  only).  As  a 
rule,  hi:!  •petson  over  ten  years  of  age  is  allowed  to  occupy  any  room 
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used  as  a  sleeping  apartment  by  persons  of  the  opposite  sex;  but 
the  use  of  a  common  sleeping  apartment  by  married  couples  has 
been  hitherto  generally  permitted,  provided  each  bed  is  eflectually 
screened,  by  means  of  a  partition  of  wood  or  other  solid  material 
exteudmg  upwards  to  a  sufficient  height,  and  downwards  to  a 
distance  of  not  more  than  6  inches  above  the  level  of  the  floor. 

It  is  usual  to  provide  that  no  bed  in  a  room  used  as  a  sleeping 
apartment  by  persons  of  the  male  sex,  above  tlae  age  of  ten  years, 
shall  be  occupied  at  any  one  time  by  more  than  one  such  person. 

(2)  "  For  promoting  cleanliness  and  ventilation  in  such  houses." 
Under  this  head  by-laws  are  usually  made  dealing  with  the  sweeping 
of  floors  and  staircases,  the  cleansing  of  windows  and  fixtures  and 
of  yards,  tlie  cleansing  of  beds  and  bedding,  the  keeping  in  good 
order  of  water-closets,  earth-closets  and  ashpits,  the  provision  of 
lavatory  accommodation,  the  removal  of  filth  and  refuse  from  rooms, 
the  opening  of  windows  at  stated  times,  and  the  keeping  in  order  of 
the  means  of  ventilation. 

(3)  "  For  the  giving  of  notices,  and  the  taking  precautions  in  the 
case  of  any  infectious  disease."  Immediate  notice  is  required  to  be 
given  of  the  occurrence  of  illness  of  an  infectious  character,  prompt 
removal  of  any  lodger  afiiected  with  such  illness  is  provided  for,  and 
requirements  as  to  cleansing  and  disinfecting  rooms,  as  to  ceasing, 
if  required  by  the  medical  officer  of  health,  to  receive  lodgers  in 
particular  rooms,  and  as  to  complying  with  all  instructions  given 
by  that  officer  with  regard  to  the  proper  cleansing  and  dis- 
infection of  rooms  and  articles  contained  therein,  are  usually 
made. 

(4)  "  Generally,  for  the  well  ordering  of  such  houses."  In  addi- 
tion to  the  requirements  already  specified,  by-laws  are  often  made 
requiring  that  kitchens  shall  not  be  used  as  sleeping-rooms,  that 
there  shall  be  an  interval  of  at  least  eight  hours  between  successive 
occupations  of  the  same  bed,  that  notices  specifying  the  maximum 
number  of  lodgers  autliorised  to  be  received  in  any  particular 
room,  and  that  copies  of  the  by-laws,  shall  be,  if  required,  fixed  in 
suitable  and  conspicuous  positions. 

\y.  New  Streets  and  Buildings.— By-laws  under  this  head- 
ing have  concern  with  the  level,  width,  construction  and  sewerage  of 
new  streets ;  the  structure  of  walls,  foundations,  roofs  and  chimneys, 
for  securing  .stability  and  the  prevention  of  fires,  and  for  purposes  of 
health  ;  the  sufficiency  of  tlie  space  about  buildings  to  secure  free 
circulation  of  air,  and  the  adequate  ventilation  of  buildings; 
with  the  drainage  of  -buildings,  with  water-closets,  eartlvclo^ets, 
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privies,  ashpits,  and  cesspools  in  connection  vdth.  buildings,  and  with 
the  closing  of  buildings  unfit  for  human  habitation.  This  important 
series  of  by-laws  has  already  been  referred  to  in  some  detail  in 
Chapter  VIT. 

V.  Markets. — The  questions  of  public  health  interest  mainly 
involved  in  connection  with  markets  are  those  relating  to  prevention 
of  nuisance  arising  from  the  keeping  of  animals,  to  inspection  of 
slaughter-houses,  and  to  prevention  of  the  sale,  or  exposure  for  sale, 
of  unwholesome  provisions  in  the  market-place. 

YI.  Slaughter-Houses. — By-laws  under  this  heading  prescribe 
the  mode  of  application  for  licences  and  for  registration.  Slaughter- 
houses in  existence  prior  to  the  time  when  the  provisions  in  tlie 
Public  Health  Act  relating  to  such  premises  were  first  applied 
to  the  district,  and  which  have  continued  to  be  used  as  slaughti^r- 
liouses  ever  since,  do  not  require  a  licence,  but  they  must  be 
registered  (See  p.  533).  The  by-laws  provide  for  access  being 
afi"orded  for  purposes  of  inspection,  for  animals  being  supplied  with 
water  during  confinement,  for  the  use  in  the  process  of  slaughtering 
of  such  instruments  and  appliances  and  the  adoption  of  such 
methods  as  will  prevent  unnecessary  sufi"ering ;  for  the  maintenance 
of  drainage,  water-supply,  and  means  of  ventilation  in  efficient  order ; 
for  keeping  the  slaughter-house  in  good  repair ;  for  lime-wasliing  at 
stated  periods ;  and  for  cleansing  being  carried  out  Avithin  a  stated 
number  of  hours  after  slaughtering  or  dressing. 

Further,  provision  may  be  made  that  no  dog  shall  be  kept  in  the 
slaughter-house,  the  object  of  this  prohibition  being  the  prevention 
of  tlie  spread  of  parasitic  disease,  and  particularly  of  hydatid  disease 
(TcTnia  echinococcus  being  of  common  occurrence  in  dogs).  Again, 
it  is  usual  to  prohibit  the  keeping  in  any  slaughter-house  of  an 
animal  the  flesh  of  which  may  be  used  for  human  food,  unless  tlie 
animal  is  so  kept  in  preparation  for  slaughter  upon  tlie  premises. 
Finally,  tlie  by-law-s  may  provide  for  tlie  removal  of  hides,  ofial,  etc., 
within  a  stated  time  after  tlie  completion  of  slaughtering,  for  the 
collection  and  removal  of  blood  in  proper  receptacles  or  vessels,  and 
for  the  cleansing  of  such  vessels. 

These  by-laws,  it  will  be  noted,  do  not  refer  to  questions  of 
structure,  but  the  considerations  to  which  regard  may  be  paid,  in 
the  case  of  premises  subject  to  the  discretionary  power  of  licensing 
on  the  part  of  the  Sanitarj'  Authority,  have  been  summarised  in  a 
Local  Government  Board  Memorandum,  as  follows : — 

"  (1)  The  premises  to  be  erected,  or  to  be  used  and  occupied  as  a 
slaughter-house,  should  not  be  within  100  feet  of  any  dwelling- 
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house,  and  the  site  should  be  such  as  to  admit  of  free  ventilation, 
by  direct  communication  vdth  the  external  air  on  two  sides  at  least 
of  the  slaughter-house. 

(2)  Lairs  for  cattle  in  connection  with  the  slaughter-house  sliould 
not  be  Avithin  100  feet  of  a  dwelling-house. 

(3)  The  slaughter-house  should  not  in  any  part  be  below  tlie 
surface  of  the  adjoining  ground. 

(4)  The  approach  to  the  slaughter-house  should  not  be  on  an 
incline  of  more  than  one  in  four,  and  should  not  be  througli  any 
dwelling-house  or  shop. 

(5)  No  room  or  loft  should  be  constructed  over  the  slaughter- 
house. 

(6)  The  slaughter-house  should  be  provided  with  an  adequate 
tank,  or  other  proper  receptacle  for  water,  so  placed  that  the  bottom 
shall  not  be  less  than  6  feet  above  the  level  of  the  floor  of  tlie 
slaughter-house. 

(7)  The  slaughter-house  should  be  provided  with  proper  ventila- 
tion. 

(8)  The  slaughter-house  should  be  well  paved  with  asphalt  or 
concrete,  and  laid  with  a  proper  slope  and  channel  towards  a  gully, 
which  should  be  properly  trapped  and  covered  with  a  grating,  tlie 
bars  of  which  should  not  be  more  than  three-eighths  of  an  inch  apart. 
Provision  should  also  be  made  for  the  efi-ectual  drainage  of  the 
slaughter-house. 

(9)  The  surface  of  the  walls  in  the  interior  of  the  slaughter- 
house should  be  covered  with  hard,  smooth,  impervious  material  to  a 

sufficient  height.  , 

(10)  No  water-closet,  privy,  or  cesspool  should  be  constructed 
within  the  slaughter-house.  There  should  be  no  direct  communica- 
tion between  tlie  slaughter-house  and  any  stable,  water-closet,  prny, 

or  cesspool.  ,     ,      ,  ,  , 

(11)  Every  lair  for  cattle  in  connection  witli  the  slaughter-house 
should  be  properly  paved,  drained,  and  ventilated,  No  liabitable 
room  should  be  constructed  over  any  lair." 

YII.  Houses  Let  in  Lodgings  or  Occupied  by  Members 
of  more  than  one  Family-Under  Section  00  of  the  Act  of  1 
the  Local  Government  Board  could  empower  loca  authorities  to 
make  by-laws,  for  fixing  the  number  of  persons  who  ^'^-^^y 
a  house  or  part  of  a  liouse  let  in  lodgings  for  the  separa  ion 
of  the  sexes  therein,  for  tl,e  registration  and  for  the  mspectu  of 
sucli  hmases,  for  enforcing  drainage,  etc..  and  cle^nlineHS  foi  h m  - 
washing,  paving  yards,  etc.,  and  for  giving  not.co  and  taking  p.e- 
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cautions  in  case  of  any  infectious  disease  in  such  Jiouses.  The 
need  for  the  enactment  being  declared  to  be  in  force  in  any 
particular  district,  by  the  Board,  was  removed  by  Section  8  of  the 
Bousing  of  the  Working  Classes  Act,  1885,  so  that  local  authorities 
were  empowered,  from  that  date,  to  make  by-laws  without  any  pre- 
liminary declaration. 

In  London  the  obligation  of  making  such  by-laws  was  placed  upon 
Sanitary  Authorities  by  the  Public  Health  (London)  Act,  1891. 
When  the  practice  of  letting  liouses  for  occupation  by  several  families 
first  became  established  in  London  it    as  seen  to  be  fraught  with  an 
element  of  danger  {See  p.  6).     It  appears,  however,  that  house- 
to-house  visitation  in  poor  neighbourhoods,  undertaken  at  times 
of  cholera  prevalence,  specially  served  to  emphasise  the  import- 
ance of  inspecting  houses  of  tlie  poorer  sort  occupied  by  more  than 
one  family.    Already,  in  "the  sixties,"  power  had  been  obtained 
under  a  special  Act  for  dealing  with  the  matter  in  the  City  of  London. 
The  Sanitary  Act  of  1866  practically  gave  the  right  of  making  by-laws 
witli  regard  to  such  houses  to  any  authority  choosing  to  make  applica- 
tion for  it.    The  Housing  of  the  Working  Classes  Commissioners, 
in  1884,  were  greatly  impressed  with  tlie  usefulness  of  tJie  by-laws, 
which  had  been  enforced  at  that  time  in  a  few  districts. 

The  early  -tenement-house  regulations  referred  to  a  variety  of 
matters  which  are  now  in  many  instances  included  witliin  the 
scope  of  special  by-laws  relating  to  drainage,  collection  of  refuse, 
yard  paving,  the  keeping  of  animals,  etc.,  and  applying  not  only  to 
tenement  houses,  but  to  houses  generally.  Moreover,  the  power 
given  in  1866  to  make  by-laws  as  to  giving  notice  of  infectious 
disease,  occurring  in  tenemented  houses,  has  now  by  the  general 
application  of  the  system  of  iiotification  been  rendered  practically 
unnecessary.  Tlius,  many  of  the  rights  originally  conferred  on 
autliorities,  and  in  some  instances  exercised  by  them,  with  regard  to 
Jiouses  let  in  lodgings  are  now  applicable  to  houses  of  all  kinds. 

There  still  remain,  however,  certain  poAvers  which  can,  with  advan- 
tage, be  specially  applied  to  this  class  of  houses.  The  ,mo.st  im- 
portant of  these  are  those  relating  to  enforcement  of  periodical  cleans- 
ing, lime-whiting,  etc.,  and  to  the  control  of  overcrowdings j  Furtlier, 
under  special  by-laws,  rights  of  entry  "  at  all  times  "  can  baftbtained  ; 
this  is  a  matter  of  great  importance  in  connection  with  overcrowded 
tenemented  houses.  Proof  of  the  existence  of  overcrowding  can, 
as  a  rule,  only  be  obtained  by  inspection  at  niglit  time  ;  sucli 
inspection  should,  of  course,  only  be  undertaken  under  exceptional 
circumstances,  and  with  exercise  of  all  due  precautions.  As  a  matter 
of  fact,  it  has  been  found  that  when  once  it  is  understood  that  the 
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power  may  be  occasionally  used  overcrowding  ceases  to  exist,  and 
tliis  in  houses  and  localities  in  which  the  overcrowding  diificulty 
has  been  previously  found  to  be  an  insurmountable  one.  The  reason 
no  doubt  is  that  under  by-laws  there  is  liability  to  penalty  upon 
proof  of  the  overcrowding  being  fortlicoming,  whereas,  in  the 
ordinary  nuisance  procedure,  all  that  can  be  done  is  to  obtain 
an  order  requiring  its  abatement.  Under  the  latter  system 
tenants  have  in  practice  been  disturbed  to  little  or  no  purpose; 
the  rooms  evacuated  are  again,  as  a  rule,  let  in  such  a  way  as  to 
reproduce  the  overcrowding,  and  the  outgoing  tenants  often  merely 
pass  from  one  to  another  set  of  overcrowded  rooms.  The  power  of 
applying  directly  for  penalty,  taken  in  conjunction  witli  that  of 
obtaining  proof  of  the  existence  of  overcrowding,  disposes  of  tliese 
difficulties  at  once ;  indeed,  the  mere  moral  eflect  of .  the  knowledge 
that  these  powers  are  likely  to  be  exercised  lias  been  found  to  pro- 
duce  a  greater  impression  than  the  abatement  notices  of  a  long 
series  of  years  had  been  able  to  effect. 

In  the  model  by-laws  "landlord"  is  defined  as  "the  person 
(whatever  may  be  the  nature  or  extent  of  his  interest  in  the 
premises)  by  Avhom,  or  on  whose  behalf,  the  house  or  part  of  a 
house  is  let  in  lodgings,  or  for  occupation  by  members  of  more  than 
one  family,  or  who  for  tlie  time  being  receives,  or  is  entitled  to 
receive,  the  profits  arising  from  such  letting."  The  by-laws  impose 
upon  the  landlord  the  responsibility  for  structural  details ;  but  in 
cases  where  a  lodger  lias  exclusive  use  of  a  particular  appliance 
such  lodger  is  made  liable  for  its  maintenance  in  a  wholesome 
condition.  As  regards  overcrowding,  it  is  usual  to  prohibit  both 
landlord  and  lodger  from  knowingly  causing  or  sufTering  the 
condition  to  exist. 

The  model  by-la^vs  contain  a  clause  to  the  eflect  that  a  lodging- 
house  shall  be  exempt  from  the  operation  of  the  by-laws: — 

(a)  Where  the  rent  or  charge  payable  by  eacli  lodger,  and  exclu- 
sive of  any  cliarge  for  the  use  by  such  lodger  of  any  furniture,  is  at 
the  rate  of  per  week  or  upwards. 

(b)  Where  the  rent  or  charge  payable  by  each  lodger,  and  inclu- 
sive of  any  cliarge  for  tlic  use  by  mch  lodger  of  any  furniture,  is  at 
the  rate  of  per  week  or  upwards. 

The  limits  of  rent  prescribed  are,  of  course,  intended  to  be  varied 
according  to  the  circumstances  of  the  particular  locality.  The  Local 
Government  Board  pointed  out  in  a  Meinoranduni  of  ,July,  1899, 
that  it  is  desirable  to  exempt  from  tlic  operation  of  the  by-la>vs 
"  lodging-houses  as  to  which  it  may  reasonably  be  inferred  that 
such  supervision  as  elsewhere  a  local  authority  alone  can  efficiently 
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exercise  will,  in  fact,  be  exercised  by  tlie  lodgers  themselves." 
Difficulty  has  been  experienced  in  some  instances  in  connection  witJi 
"  exemption  limits  "  by  reason  of  the  fact  that  the  rentals  fixed 
have  been  found  to  exclude  houses  which  might  with  great  advantage 
have  been  regulated. 

The  standards  of  air  space  laid  down  in  the  model  by-laws  are  as 
follows : — 

For  rooms  used  by  night  only — 

300  cubic  feet  for  each  person  of  an  age  exceeding  10  years. 
150  cubic  feet  for  each  person  of  an  age  not  exceeding  10 
years. 

For  rooms  not  used  exclusively  at  night — 

400  cubic  feet  for  each  person  of  an  age  exceeding  10  years. 
200  cubic  feet  for  each  person  of  an  age  not  exceeding  10 
yeai's. 

The  Memorandum  already  referred  to  states  that,  if  it  should  in 
future  be  found  "  practicable  to  enforce  an  increased  allowance  of 
free  air  space,  the  Board  yvill  gladly  facilitate  the  confirmation  of 
new  by-laws  for  that  purpose." 

The  Statute  gives  power  for  a  by-law  to  be  made  as  regards 
"  separation  of  the  sexes."  The  model  series  makes  no  mention  of 
the  subject,  but  a  by-law  has,  in  particular  instances,  been  confirmed 
to  the  effect  that  "  a  lodger  in  a  lodging-house  shall  not  sufiier  any 
person  above  the  age  of  12  years  to  occupy  as  a  sleeping  apartment 
any  room  let  to  such  lodger,  if  the  room  is  occupied  by  more  than 
one  person  above  that  age  and  of  the  opposite  sex." 

As  regards  periodical  cleansing  and  limewashing,  the  model  by-laAv 

prescribes  that  "  in  the  first  week  of  the  month  of    in  every 

year,  ....  the  landlord  shall  cause  every  part  of  the  premises 
to  be  cleansed,"  and  further  that  "  he  shall  cause  the  internal  walls 
and  ceilings  to  be  washed  with  hot  limewash,"  save  in  particular 
instances  where  the  surface  is  covered  vdth  paint,  or  other  material 
to  which  the  application  of  limewash  would  be  "  unsuitable  or 
inexpedient,"  and  where  such  surface  is  thoroughly  cleansed,  and 
the  paint  or  other  covering,  if  necessary,  renewed. 

In  addition  to  tliose  already  referred  to,  the  model  series  contains 
requirements  as  to  the  landlord's  furnishing  particulars  concerning 
the  mode  of  occupation  of  the  house ;  as  to  rights  of  entry  and  obstruc- 
tion of  ofixcers;  as  to  water-closets,  etc.,  and  their  maintenance  in 
a  cleanly  condition;  as  to  the  cleansing  of  yards,  floors,  ^\•indows, 
staircases,  cisterns,  etc.,  and  the  removal  of  filth  and  rubbish;  as 
to  the  keeping  of  animals ;  as  to  ventilai>ijs(n.;  and  as  to  precautions 
being  taken  with  regard  to  infectious  disease. 
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Woi-kiny  Clctss  Lodging- Houses. — As  already  noted,  Part  III.  of 
the  Housing  of  the  Working  Classes  Act  empowers  the  local 
authority  to  make  by-laws  for  the  management,  use,  and  regulation 
of  lodging-houses  which  they  have  establislied  or  acquired  under  that 
part  of  the  Act. 

teamen's  Lodging-Houses. — Under  the  Merchant  Shipping  Act, 
1894,  a  local  authority  whose  district  includes  a  seaj)ort  may,  with 
the  approval  of  the  Board  of  Trade,  make  by-laws  providing  "  for  the 
licensing,  inspection,  and  sanitary  condition  of  seamen's  lodging- 
houses,  for  the  publication  of  the  fact  of  a  house  being  licensed,  for 
the  due  execution  of  the  by-laws,  for  preventing  the  obstruction  of 
persons  engaged  in  securing  that  execution,  for,  the  preventing  of 
persons  not  duly  licensed  holding  themselves  oi^it  as  keeping  oi' 
purporting  to  keep  licensed  houses,  and  for  the  exclusion  from 
licensed  houses  of  persons  of  improper  character."^  By-laws  dealing 
with  these  matters  are  found  useful  in  securing  the  sanitary  con- 
dition of  seamen's  lodging-houses,  and  in  protecting  seamen  against 
imposition.  They  have  been  made  and  enforced  in  a  few  seaport 
to^^^ls,  and  were  brought  into  operation  in  London  in  1901  at  the 
instance  of  the  London  County  Council. 

YTII.  Cemeteries.— Section  2  of  tJie  Public  Health  (Inter- 
ments) Act  extended  to  cemeteries,  the  provisions  of  the  Act  of  1875 
relating  to  mortuaries,  and  hence  made  applicable  to  the  former  the 
powers  given  under  Section  141  with  respect  to  the  latter.  A  model 
series  of  by-laws  has  been  issued,  Avhich  follows,  in  the  main,  the  lines 
of  the  Home  Office  Regulations  already  referred  to  (-See  p.  558).  ^  The 
Board  issued,  in  1888,  an  important  Memorandum  on  the  sanitary 
requirements  of  cemeteries,  reference  to  wliich  has  also  already 
been  made  {See  p.  560). 

IX  Mortuaries.— Section  141  of  the  Act  of  1875  enables  by- 
laws  to  be  made  as  to  mortuaries.  The  model  series  which  has  been 
issued  by  the  Local  Government  Board  contains  a  by-law  dealing 
with  the  period  within  whicli  bodies  shall  be  removed  from  the 
mortuary  (it  is  usual  to  specify  five  days  from  the  date  of  death  in 
non-infectious  and  three  days  in  infectious  case.) ;  there  are  also  by 
laws  for  preventing  misbehaviour  of  persons  "  viewing,  or  depositing, 
or  removing  bodies,  and  there  is  one  requiring  undertakers  to  convey 
empty  shells  from  the  premises  without  delay. 

In  a  Memoranda^  as  to  tl^  Site  andSUn^lnre  ««^/^^/f-"7^'-«; 
tW.  Arrangements  of  Mortuaries  dated  25th  July,  1882,  the  Local 
Government  Board  offer  the  following  suggesfons  :-Care  should  be 
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taken  to  make  tlie  buildings,  as  far  as  practicable,  "  isolated  and  uii  • 
obtrusive";  they  should  be  substantially  constructed,  and  "in  their 
external  appearance  attention  should  be  jiaid  to  such  arcliitectural 
features  as  may  serve  to  carry  the  impression  of  due  respect  for  the 
dead."  The  chamber  intended  for  the  reception  of  corpses  sliould  be 
on  the  ground  or  basement  floor ;  there  should  be  provided  a  waiting- 
room,  a  caretaker's  dwelling-house,  and  a  shed  or  out-liouse  for  tlie 
keeping  of  shells,  etc.  A  plan  sho^ving  a  mode  of  arranging  the 
premises  is  appended  to  tlie  Memorandum.  It  is,  moreover,  pointed 
out  that  the  mortuary  chamber  should  be  constructed  so  as  to  ensure 
"  convenience,  decency,  cleanliness,  and  coolness."  It  should  be  loftv 
with  adequate  floor  space,  and  should  have  a  ceiling,  oi-,  if  open  to  th(' 
roof,  there  should  be  a  double  roof.  Louvres,  or  air-gratings,  under 
the  eaves  should  be  provided;  the  chamber  should  be  lighted,  if 
practicable  from  the  north  side ;  the  floor  should  be  paved  evenly 
and  closely,  a  uniform  cement  floor  being  preferable ;  water  should 
be  laid  on  and  shelves  and  tables  (preferably  made  of  slate  slabs) 
provided;  the  ceiling  and  internal  walls  should  be  whitewashed 
and  the  outside  of  the  roof  whitened ;  the  entrance  to  the  chamber 
should  be  direct,  without  the  intervention  of  any  passage.  There 
should  be  two  chambers  at  least,  an  "infectious  "  and  a  "non-infec- 
tious "  chamber,  and  these  should  be  placed  as  far  apart  as  may  be 
practicable. 

Section  143  of  the  Act  of  1876  empoM-ers  a  local  authority  to 
provide  a  post-mortem  room  otherwise  than  at  a  Avorkhouse  or  a 
mortuary.  The  introduction  of  this  limitation  was  no  doubt  .sug- 
gested by  the  consideration  that  the  pro^asion  of  a  post-mortem 
room  in  connection  with  a  mortuary  might  tend  to  discourage  the 
use  of  the  latter  by  poor  persons.  The  Public  Health  (London) 
Act,  1891,  permits  the  construction  of  a  post-mortem  room  in  con- 
nection with  a  mortuary,  and  such  an  arrangement  is  obviously  a 
convenient  one.  Under  Section  143  of  the  Act  of  1875  regulations 
(which  do  not  require  to  be  confirmed)  may  be  made  as  to  the 
management  of  the  post-mortem  room. 

X.  Offensive  Trades.— Model  by-laws  have  been  issued  by  the 
Local  Government  Board  relating  to  certain  trades.  The  questions 
needing  consideration  in  this  connection  have  already  been  referred 
-to  (See  p.  76). 

XI.  Tent  and  Van  Dwellings;  Housing  of  Hop- 
Pickers,  Fruit-Pickers,  etc.— Section  9  of  tlie  Houshig  of  tli.' 

Worknig  Classes  Act  of  1885  provides  tJiat  "a  Sanitary  Authority 
may  make  by-laws  for  promoting  cleanliness  in,  and  the  habitable 


SANITARY  ADMINISTRATION  AND  LAW. 


575 


condition  of,  tents,  vans,  sheds,  and  similar  structures  used  for 
human  habitation,  and  for  preventing  the  spread  of  infectious 
disease  by  persons  inhabiting  the  same,  and  generally  for  the  preven- 
tion of  nuisances  in  connection  with  the  same."  Tents,  etc.,  used 
by  military  and  naval  forces  are  exempted  from  tlie  operation  of 
such  by-laws. 

The  model  series  deals  with  the  cleansing  and  ventilation  of  vans, 
etc. ;  provides  that  such  structures  shall  be  reasonably  weather-proof, 
that  the  flooring  or  other  covering  of  the  ground  shall  be  diy,  tliat 
sufficient  receptacles  shall  be  provided  for  tlie  storage  of  water, 
and  that  a  sufficient  supply  of  wholesome  water  sliall  be  made  avail- 
able. It  also  provides  for  notification  of  infectious  disease  among 
inmates  of  vans,  tents,  sheds,  etc. ;  it  requires  that  any  reasonable 
precautions  ordered  by  the  medical  officer  of  healtli  shall  be  com- 
plied Avith  :  it  deals  with  the  isolation  of  an  infected  person ;  and  it 
provides  for  the  medical  officer  of  health  exercising  control  over  the 
movements  of  an  infected  van  or  tent,  and  for  its  cleansing  and 
disinfection.  The  series  also  includes  by-laws  as  to'  the  disposal  of 
refuse  and  filth;  and  for  the  protection  of  wells,  springs,  streams, 
etc.,  against  pollution. 

Section  314  of  the  Act  of  1875  empowers  the  local  authority  to 
make  by-laws  "  for  securing  the  decent  lodging  and  accommodation 
of  persons  engaged  in  hop-picking  within  tlie  district  of  such 
authority,"  and  Section  2  of  the  Public  Health  (Fruit-Pickers' 
Lodgings)  Act,  1882,  extends  the  operation  of  the  above-named 
section  to  pickers  of  fruit  and  vegetables.  Tlie  model  series  dealing 
with  these  matters  follows,  broadly  speakiiig,  the  series  relating  to 
tents  and  vans.  It  may  be  noted,  however,  that  it  requii-es  "  sixteen 
square  feet  at  the  least  of  available  floor  space  in  respect  of  each 
adult  person  " ;  it  makes  provision  for  adequate  privacy  when  adult 
persons  of  different  sexes  are  accommodated;  it  contains  require- 
ments as  to  cooking  places — a  cooking-house  is  to  be  provided  for 
every  fifteen  persons — and  it  makes  reference  to  the  need  of  furnish- 
ing a  sufficient  supply  of  clean,  dry  straw,  oi-  otlier  clean,  dry,  and 
suitable  bedding. 

XII.  Public  Slaughter-Houses.— Section  169  of  the  Act  of 
187o  empowers  an  urban  autliority  to  make  by-laws  for  the  manage- 
ment, and  charges  for  the  use,  of  any  slaugliter-houses  provided  by 
them.  No  model  series  has  been  issued  by  tlie  Board  under  tliis 
lieading. 

XTII.  By-laws  under  the  Public  Health  Acts  Amend- 
ment Act,  1890.— Under  Section  23  of  this  Act  Section  157 
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of  the  Act  of  1875  is  extended  so  as  to  empower  urban  authorities 
to  make  by-laws  with  respect  to— 

The  keeping  of  water-closets  supplied  with  sufficient  water  for 
flushing ; 

The  structure  of  floors,  heartlis  and  staircases,  and  tlie  height 
of  rooms  intended  to  be  used  for  human  habitation; 

The  paving  of  yards  and  open  spaces  in  connection  witli  dwellmg- 
houses ;  and 

The  provision,  in  connection  with  the  laying  out  of  new  streets, 
of  secondary  means  of  access,  where  necessary,  for  the 
purpose  of  the  removal  of  house  refuse  and  otlier  matters. 
Further,  by-laws  under  Section  157,  as  thus  extended  (with  regard 
to  drainage,  water-closets,  etc.,  and  the  flushing  of  water-closets), 
may  be  made  to  afi'ect  old  buildings,  and  the  provisions  of  the 
section,  as  amended  (so  far  as  they  relate  to  the  structure  of  walls 
and  foundations  of  new  buildings  for  purposes  of  health ;  to  sufficiency 
of  air  space  about  buildings,  and  to  the  ventilation  of  buildings; 
to  drainage,  water-closets,  etc.,  and  the  closing  of  buildings  unfit 
for  human  habitation;  to  the  structure  of  floors,  the  height  of 
rooms,  and  the  keeping  of  water-closets  supplied  mth  sufficient 
water  for  flushing)  are  extended  so  as  to  empower  rural  authorities 
to  make  by-laws  in  respect  to  the  said  matters.  Moreover,  by-laws 
may  be  made  preventing  buildings  "  erected  in  accordance  ^vith  by- 
laws under  the  Public  Health  Acts,  from  being  altered  in  such  a 
way  that  if  at  first  so  constructed  they  would  have  contravened 
the  by-laws." 

A^ain,  under  Section  26  of  the  Act  of  1890,  an  urban  authority 
may  make  by-laws — 

"(rt)  For  prescribing  the  times  for  the  removal  or  carriage 
through  the  streets  of  any  ftecal  or  offensive  or  noxious 
matter  or  liquid,  whether  such  matter  shall  be  in  course  of 
removal  or  carriage  from  within  or  without  or  through  the 
district. 

(/>)  For  providing  that  the  vessel,  receptacle,  cart,  or  carriage 
used  therefor  shall  be  properly  constructed,  and  co%  ered  sO' 
as  to  prevent  the  escape  of  any  such  matter  or  liquid, 
(c)  For  compelling  the  cleansing  of  any  place  whereon  such 
matter  or  liquid  shall  have  been  dropped  or  spilt  in  such 
removal  or  carriage." 
No  "models"  Ixave  been  issued,  but  by-laws  relating  to  tliese  subject- 
matters  are  in  force  in  various  places,  and  similar  Ijj^-laws  liave  been 
made  under  the  Public  Health  (London)  Act,  1891.    The  principle 
of  insisting  on  the  performance  of  scavenging  operations  during  the 
hours  of  the  early  morning  has  usuallj'^  been  accepted  (6'ee  p.  227) ;  it 


SANITARY  ADMINISTRATION  AND  LAW. 


5V7 


may  be  further  noted  that  stable  manure  lias  commonly  been 
exempted  from  the  operation  of  the  by-laws. 

Section  26  (2)  of  the  Act  of  1890  provides  that,  Avhere  the  local 
authority  themselves  undertake  or  contract  for  the  removal  of  liouse 
refuse,  they  may  make  by-laws  imposing  duties  on  the  occupier  so  as 
to  facilitate  the  work.  Here,  again,  no  model  series  has  been  issued', 
but  by-laws  have  been  confirmed  requiring  occupiers  at  specified 
times  to  deposit,  in  a  place  prescribed,  movable  receptacles  of  a 
capacity  not  exceeding  (say)  six  cubic  feet,  containing  the  house 
refuse  which  may  have  accumulated. 

Finally,  the  Act  of  1890,  Section  20,  authorises  the  making  of 
regulations  concerning  the  management  and  use  of  public  sanitary 
conveniences.  Such  regulations  usually  deal  with  questions  of 
decent  conduct,  the  payment  of  fees,  writing  or  fixing  bills,  etc.,  on 
walls,  damage  to  fittings,  the  duties  of  attendants,  cleansing  opera- 
tions, and  the  like. 

Dairies,  Cowsheds,  and  Milk  Shops  Orders.— Section  34 

of  the  Contagious  Diseases  (Animals)  Act,  1878,  empowered  the 
Privy  Council  to  make  Orders  for  the  registration  of  cowkeepers, 
dairymen,  and  purveyors  of  milk ;  for  the  inspection  of  cattle  in 
dairies ;  for  the  lighting,  ventilation,  cleansing,  drainage,  and  water 
supply  of  dairies  and  cowsheds ;  for  securing  the  cleanliness  of  milk- 
stores,  milk  shops,  and  milk  vessels ;  for  prescribing  precautions  to  be 
taken  for  protecting  milk  against  infection  or  contamination ;  and 
for  authorising  a  local  authority  to  make  regulations  for  the  purposes 
aforesaid,  or  any  of  them.  Section  9  of  the  amending  Act  of  1886 
transferred  the  powers  above  specified  from  the  Privy  Council  and 
the  local  authorities  under  the  Contagious  Diseases  (Animals)  Act, 
1878,  to  the  Local  Government  Board  and  tJie  several  urban  and 
rural  Sanitary  Authorities.  The  Orders  in  force  at  the  present  time 
are  that  made  by  the  Privy  Council  in  1885,  in  substitution  for  an 
earlier  Order  made  in  1879,  the  amending  Order,  issued  in  1886  by 
the  Local  Government  Board,  and  the  amending  Order  of  1899. 

The  main  provisions  relating  to  the  matters  in  question  are  con- 
tained in  the  Order  of  1885  j  the  Order  of  1886  is  concerned  Avith  the 
above-mentioned  substitution  of  authorities  and  contains  a  penalty 
clause.  Under  the  1885  Order  it  is  declared  unlawful  to  carry  on 
the  trade  of  a  cowkeeper,  dairyman,  or  purveyor  of  milk  witliout 
previous  registration,  and  tlie  local  autliority  is  required  to  keep  a 
register,  and  to  give  notice  by  advex'tisemeht  that  registration  nmst 
be  effected,  etc. ;  a  person  who  sells  milk  of  his  own  cows  in 
small  quantities,  to  his  workmen  or  neiglibours  for  tlieir  accommo- 
dation, is  not  required  to  bo  registered.    The  Order  assigns  to 
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the  local  authority  powers  of  control  as  regards  the  lighting,  the 
ventilation  including  air  space,  and  the  cleansing,  drainage,  and 
water  supply  of  new  dairies  and  cowsheds,  and  requires  that  one 
month's  notice  shall  be  given  of  the  intention  to  occupy  a  new 
building  as  a  dairy  or  cowshed.  It  also  assigns  more  limited 
powers  in  regard  to  buildings  already  occupied  as  dairies  or  cow- 
sheds. It  prohibits  any  person  suffering  from  dangerous  infectious 
disease,  or  having  been  in  contact  with  a  person  so  suflFering,  from 
milking  cows  or  assisting  in  the  conduct  of  a  milk  business.  The 
Order  further  deals  with  the  question  of  possible  contamination  from 
communication  of  water-closets,  etc.,  with  milk  stores  and  milk  shops ; 
Avith  the  use  of  the  places  last  named  as  sleeping  apartments;  and 
Avith  the  keeping  of  swine  in  cowsheds  or  places  used  for  keeping  milk 
for  sale.  It  authorises  the  making  of  regulations,  and  it  prohibits 
the  milk  of  a  diseased  cow  being  mixed  with  other  milk  sold  or  used 
for  human  food,  or  sold  or  used  as  food  for  animals,  until  it  has  been 
boiled. 

The  Report  of  the  Royal  Commission  on  Tuberculosis,  1898, 
draws  attention  to  the  need  of  requiring  a  proper  amount  of  cubic 
space  in  cowsheds.  The  Commissioners  suggested,  however,  that  a 
distinction  should  be  made  between  cowsheds  situated  in  populous  and 
those  situated  in  non-populous  places ;  they  further  pointed  out  that 
the  term  "disease,"  in  the  Order  of  1885,  was  limited  to  diseases  in- 
cluded under  the  Contagious  Diseases  (Animals)  Act  of  1878,  of  which 
tuberculosis  is  not  one,  and  they  recommended  tliat  the  Order 
"  should  be  made  applicable  to  all  diseases  of  the  udder  in  cows  of 
which  the  milk  is  offered  for  sale." 

The  Local  Government  Board  issued  an  amending  Order  in  1899, 
extending  the  definition  of  disease  so  as  to  include  "  such  disease 
of  the  udder  as  shall  be  certified  by  a  veterinary  surgeon  to  be 
tubercular,"  and  the  Board,  in  a  circular  letter  to  borough  and 
nrljan  and  rur  al  district  councils,  dated  March,  1899,  express  the 
opinion  that  "  it  will  be  competent  for  the  council  to  employ  and 
pay  a  veterinary  surgeon  with  a  view  to  obtaining  a  certificate 
under  the  article  as  amended,  or  to  appoint  him  as  an  officer  for 
this  purpose,  if  they  think  fit  to  do  so."    (See  also  p.  208.) 

Manchester,  in  1899,  and  numerous  towns  since  that  date,  have 
obtained  powers  in  private  Bills  relating  to  tuberculous  milk. 
The  "Manchester  Milk  Clauses"  provide  tliat  the  milk  of  a  cow 
known  to  be  suffering  from  tuberculosis  of  the  udder  must  not  be 
used  for  human  food ;  tliey  give  power  to  inspect  and  to  take 
samples  of  milk  within  the  city,  and  outside  it,  on  production  of  the 
^rder  of  a  justice  having  jurisdiction  in  the  place  in  which  the  farm 
is  situated,  and  they  impose  on  dairymen  supplying  milk  within  the 
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city  the  duty  of  notifying  cases  of  tubercular  disease  of  the  udder 
to  the  medical  officer  of  health. 

The  Model  Regulations  issued  in  1899  by  the  Local  Government 
Board  deal  Avith  the  inspection  of  cattle  in  dairies,  and  with  the  light- 
ing, ventilation,  cleansing,  drainage,  and  water  supply  of  cowsheds 
and  dairies.  Distinction  is  made,  as  regards  overcrowding,  between 
cowsheds  the  cows  from  which  are  habitually  grazed  on  grass  land 
during  the  greater  part  of  the  year,  and  when  not  so  grazed  are 
habitually  turned  out  during  a  portion  of  each  day,  and  other  cow- 
sheds. As  regards  the  latter,  and  for  them  only,  it  is  prescribed 
that  800  feet  of  air  space  for  each  cow  shall  be  provided,  and  that  no 
space  shall  be  reckoned  which  is  more  than  16  feet  above  the  floor  ; 
if  "  the  roof  or  ceiling  is  inclined,  then  the  mean  height  of  the  same 
above  the  floor  may  be  taken  as  the  height  thereof "  for  the  pur- 
poses of  the  regulation.  Further,  the  requirement  is  not  to  apply 
to  old  cowsheds  until  two  years  after  the  date  when  the  regulations 
come  into  force. 

There  are,  moreover,  in  the  model  series,  regulations  concerning 
cleanliness  of  milk  stores,  milk  shops,  and  milk  vessels,  and  there  is, 
further,  one  requiring  reasonable  and  proper  precautions  to  be  taken 
by  purveyors  of  milk  and  persons  selling  milk  by  retail  in  connec- 
tion with  the  storage  and  distribution  of  milk.    This  last-named 
regulation   specifically   prohibits    milk   intended   for   sale  being 
deposited  or  kept — "(a)  in  any  room  or  place  where  it  would  be 
liable  to  become  infected  or  contaminated  by  impure  air,  or  by  any 
oSensive,  noxious,  or  deleterious  gas  or  substance,  or  by  any  noxious 
or  injurious  emanation,  exhalation,  or  efiiuvium ;  or  {b)  in  any  room 
used  as  a  kitchen  or  living-room  ;  or  (c)  in  any  room  or  building  or 
part  of  a  building  communicating  directly  by  door,  window  or 
otherAvise  with  any  room  used  as  a  sleeping-room,  or  in  which 
there  may  be  any  person  suffering  from  any  infectious  or  contagious 
disease,  or  which  may  have  been  used  by  any  person  sufFerinfj  from 
any  such  disease  and  may  not  have  been  properly  disinfected ;  or 
(fZ)  in  any  room  or  building  or  part  of  a  building  in  which  there  may 
be  any  direct  inlet  to  any  drain."    Milk  nmst  not  be  kept  in  any 
vessel  which  is  not  thoroughly  clean  and  vessels  must  be  cleansed 
with  steam  or  clean  boiling  water  after  use.    Finally,  it  is  provided 
that  no  cow  shall  be  milked  for  the  purpose  of  obtaining  milk  for 
sale 

(a)  unless  at  the  time  of  milking  the  udder  and  teats  of  such 
cow  are  thoroughly  clean ;  and 

(6)  unless  the  hands  of  the  person  milking  such  cow,  also,  are 
tlioroughly  clean  and  free  from  all  infection  and  con- 
tamination." 
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Abatement  of  nuisance,  proceedings 
ill  regard  to,  524,  525 

ABC  treatment  of  sewage.  256 

Abattoirs,  188,  189 

Abrin,  342,  347,  349 

Abscess  of  the  liver,  47,  374 

Acanthocephali,  313 

Acarm faring,  218 

Acarns  seabiei,  313 

Accessory  foods,  170 

Acclimatisation,  49,  50 

Aehorion  Sclionleinii,  320 

Acid,  boracic,  in  milk,  193 
butyric,  in  butter,  209 
caproic,  in  butter,  209 
caprylic,  in  butter,  209 
carbolic,  as  a  disinfectant,  464 
carbonic  (^Sce  Carbon  dioxide) 
citric,  172 

hydrochloric,     nuisance,  from 

vapour  of,  77 
sulphurous,  in  air,  62 

as  a  disinfectant,  46i 
tartaric,  172 
Acids,  fatty,  171 

vegetable,  172,  177 
Acidic  rocks,  149 

Actinomycosis,  184,   321,  324,  325, 

326,  350,  351 
Adams  (diphtheria  prevalence  and 

fluctuations  of  subsoil  water),  167 
Adits,  112 

Adoptive  Acts,  604,  535,  539 
Adulterations  of  bread,  217 

of  butter,  194,  209 

of  flour,  217 

of  milk,  192 
Aedex,  891 

Aerated  bacterial  self-acting  filter 

(Ducat).  261 
Aerobes,  facultative,  323 

obligatory,  323 
Acroscope  (Pouchcfs),  63 
African  lethargy,  814,  419 


After-damp.  77 
After-flush,  242 
Age-incidence  iu  cancor,  356 
in  cholera,  362 
in  croup,  369 
in  diarrhoea,  3B5 
in  diphtheria,  371 
in  enteric  fever,-  376 
in  erysipelas,  380 
in  influenza,  385,  i'M\ 
in  measles,  400 
in  scarlet  fever,  413 
in  small-pox,  333,  430 
in  tuberculosis,  450 
in  whooping-cough,  455 
Age,  influence  of,  on  dcatn-ratcs,  477 
Age  and  sex  distribution,  correction 

for,  478 
Age,  misstatement  of,  471 
Agglutination,  339,  348.3-I9.  377 
Agriculture.  i?oard  of,  192,  193,  209, 

352,  3.53.  382,  542,  543 
Ague  OSi'fc'  Malaria) 
Air,  16 

amount  of,  required,  84 
for  animals,  85 
(6Vv;  aho  Cubic  space) 
carbon  bi-salphide  in,  62 
chlorine  in,  62 
composition  of,  50 
constituents  of,  50 
efEects  of  various  cflUivia  and 
gases  in,  71,  72,  77 
of  increased  pressure  of,  23, 
42,  45 

of  lessened  pressure  of.  23, 
42,  46 

estimation  of  albuminoid  am- 
monia in,  60 
of  carbon  di-oxido  in,  55,  56 
of  carbonic  oxide  in,  60 
of  free  ammonia  in,  60 
of  micro-6rganisni8  iu,  64,  (i9 
of  jiitric  acid  in,  55 
of  organic  matter  in,  59 
of  oxygen  in, 52 
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Air,  estimation  of  ozone  in,  61 

of  sulphide  of  ammonium 
in,  62 

of    sulphuretted  hydrogen 
in,  62 

of  sulphurous  acid  in,  62 

examination  of,  50 

bacteriologically,  63,  64 
chemically,  62,  86 
microscopically,  63 

heated,  in  ventilation,  98 

humidity  of,  33 

influence  on  health.  47 

hydrochloric  acid  in,  62 

impurities  of,  16,  62 

from  combustion,  80 
from  respiration,  83 
from  sewage  effluvia,  78 
from  trade    processes.  65, 
67,  68,  71 

in  soil,  estimation  of,  154 

movement,  how  determined,  43 

nitrous  acid  in,  62 

of  graveyards,  80 

of  mines,  77 

of  sewers,  78 

of  small-pox    hospitals,  disin- 
fection of,  309 
of  towns,  63 

suspended  matter  in,  62,  65 
temperature  of,  25 
vitiated,  effects  of,  87 
water  vapour  in,  from  respira- 
tion, 86 
weight  of,  18 
Air-bricks,  92 

Aitken's  method  of  counting  dust 

particles,  65 
Albumen,  derived,  171 

egg,  171 

native,  171 

serum,  171 
Albuminate  of  copper,  211 
Albuminoids  (^Sce  Proteids) 
Albuminuria  in  relation  to  serum- 
treatment,  373 

in  relation  touseof  urotropin,877 
Albumose,  171,  185,  214,  324,  342 
Alcohol  as  an  article  of  diet,  220 

in  beer,  220 

in  wine  and  spirits,  222 
physiological  action  of,  222 

Alcoholic  excess,  222,  485 
neuritis,  223 

Aldehyde  of  methyl,  467 

Alderiicy  cows,  190 

Alessi,  on  effects  produced  by  drain- 
age effluvia,  79 

Alexins,  336 

Algaj  in  water,  134 

Alizarin,  72 

Alkali  works,  77,  557 


Alkali,  etc.,  Works  Regulation  Act 
(1881),  1.5,  77  ;  (1881  and  1892),  .557 

Alkalinity  of  blood,  maintenance  of. 
172 

Alkaloids,  185, 194,  319 

Allen,  J.  F.    (milk  outbreaks  of 

enteric  fever),  198 
Alluvial  soils,  152 
Alluvium,  150,  151,  152.  164 
Almond,  215 
Alpaca,  70 

Alterations  in  buildings,  576 

Alternation  of  generations,  315 

Altitude,  correction  of  barometer 
for,  21 

Altona,  cholera  at,  141 

Alum  in  bread,  217 
in  flour,  217 

Aluminium  process,  for  determina- 
tion of  nitrates,  127 

Aluminous  substances  as  sewage 
precipitants,  256 

Ambulances,  532 

American  bacon,  186 

American  Civil  War,  measles  out- 
break in,  397 

American  sausage,  186 

Amherst  college,  212 

Amines  process  for  treating  sewage, 
256 

Ammonia  albuminoid,  in  water,  123 

free,  in  water,  123,  236 

organic,  in  sewage,  257 

in  air,  52,  60,  62 

in  staiale  air,  85 
Ammonium  sulphide  in  air.  62,  80 
Aviceba  coli,  316,  374 
Amceha  dy^entcrife,  316.  374 
Amabsi,  i34,  316,  374 
Anaerobes,  facultative,  323 

obligatory,  323 
Anaerobic  bacteria,  155,  187,  208,261 
Analysis,  hygienic  value  of  water,  87 

of  air.  50 

of  soil,  149 

of  water,  118 
Analysts,  public,  5-12 
An^Jn/lostovia  duodcnale.  314 
Anchylostomiasis,  314 
Andrewes,  F.  W.  on  diarrhoea  caused 
by  milk.  208,  209 

on  ganister  disease,  67 

on  organisms  in  sewer  air,  254 
Anemometer.  Lind's,  42 

Osier  and  Gator's,  42 

pressure,  42 

Eobinson's,  42 

velocity,  42 
Angina,  367 

Anguillnla  rtercoralis,  314 
Angus  Smith's  preservative,  246 
test  for  COa,  59 
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Animal  refuse,  226 

vaccination,  14,  423,  447 
Animals,  amount  of  fresh  air  for,  85 

clean  and  unclean,  312 

cubic  space  for,  in  cow-sheds,  85 

nuisance  arising  from  keeping, 
72 

slaughtering  of,  188,  227,  533 
Annatto,  194 

Annual  Keports  (_See  Reports) 
Anopheles.  169,  389,  391,  392,  394 
Anthrax,  312,  318,  319,  324,  325,  326, 
335,  351—354 

baciUus,  318,  351 

flesh  of  animals  affected  with, 
use  of,  184 

histoiy  of.  69,  351,  352 

in  Glasgow  (1878),  70 

in  London,  352 

in  milch  cows,  196 

inoculation,  338,  353 

in  relation  to  soil,  156,  157,  326 

insusceptibility  of  some  animals 
to,  335 

made  notifiable  (1895),  71,  555 
cedematous  and  erysipelatous,  70 
Order  (1899)  of  Board  of  Agri- 
culture, 353 
spores  as  a  test  of  adequate 
disinfection,  463,  468 

Anthropophagous  larvae,  313 

Anti-bodies,  348 

Anticyclone,  44,  46 

Antiferments,  348 

Antimicrobic  serum,  343 

Antiseptics,  458 

Antitoxic  sera,  action  and  origin  of, 
343—347 

in  diphtheria,  342,  343,  344 

in  enteric  fever,  379 

in  pneumonia,  342 

in  tetanus,  343 

in  tuberculosis,  343 

standardisation  of,  344 
Antwerp  hospital,  circular  ward  at, 
310 

Apjohn's  formula,  36 
Apparatus,  disinfecting,  14, 460 — 462 
Appeal  authority,  County  Council 
as,  503 

Appcrt,  on  sterilisation  by  heat,  318 
Approving  oflScer,  281, 521 
Aqueous  rocks,  149 

vapour,  in  air,  51 
Arabian   physicians.    4,   312,  367, 
396 

Arachnida,  313 

Arbitration,  under  Housing  Act,  547 
Archiean  system  of  rocks,  151 
Ardcnclutha,  205 
Aretseus,  on  angina,  867 
Argillaceous  rocks,  150 


Ai-gou,  51 

Arithmetic  mean,  499 
Arlidge,  on  copper  colic,  68 

on  metallic  dust,  67 

on  effects  of  soot  and  coal  dust, 
•63 

Army  Medical  School,  established 
1861,  12 

Arnott,  Dr.,  Report  to  Poor  Law 

Commissioners,  9,  12 
Aronson,  on  tubercle  bacilli,  321 
Arrowroot,  215,  216,  217 

Rio,  216 

Tahiti,  217 
Arsenic  in  air,  62 

in  beer,  220 

in  trade  processes,  68 

in  water,  129 
Arsenious  oxide,  220 
Artesian  wells,  110 
Artisans'  dwellings,  277 
Artisans  and  Labourers'  Dwellings 
Improvement  Acts  (1875,  1882), 

15,  554 
Artois,  110 
Asafoetida,  251 

Asbestos  as  a  filtering  medium,  116 

Asoaris  lumhricoides,  147,  313 

Ash  closet,  235 

Aspergillus,  320 

Asphalt  for  damp  course,  275 

Asses'  milk,  191 

Asthma,  potters',  66 

Asylums  Board,  Metropolitan,  411, 

413,  416,  437 
Asylum  dysentery,  374 
Atmosphere,  physical  properties  of, 

16,  50 

Atmospheric  pollution,  16,  50 
pressure,  distribution  of,  46 
effects  of  varying,  23 
Attenuated  virus.  331,  334,  338,  341, 
383 

August  depression   in  notification 

figures,  293 
August's  psychrometer,  35 
Auscultation  of  water  pipes,  114 
Auxiliary  scientific  investigations 

(1870),  14 
Averages  and  means,  499 
Awms  of  barley,  350 
Aynho,  case-mortality  of  small-pox 

in,  422 


B 

BACiiiiiUS,  820 
Bacillus  botvlhiiis,  187 

hutyricm,  195,  208 

coli  communis,  135,  160,  195,  262, 
339,  375,  377,  378 
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JJacillm  oontihmomtusi,  203,  20  t 
mtcritidis  (^(Tcirfncr').  18(i,  377 
cntoritidis  sporof/enes,  208.  209, 
262 

.  ■  ioteroicles,  457 
leprir,,  323,  38() 
mallei,  380 

(vdciuatis  mnligni,  323 
2}('stis,  403 
pncicnionicv,  180,  407 
prodiffiositit,  159 
pyocyam'm,  262 
f^'tewi,  323  ' 
tuheroulosis,  321,  38(> 
fi/pJiosus  in  milk,  198 

iu  soil,  160 

in  water.  377,  378 
Back  land, 269 

Back-to-back  houses,  88,  272,  273 
Bacteria,  facultative  aerobes,  32H 
anaerobes,  323 
.  obligatory  aerobes,  323 
anaerobes,  323  . 
Bacteria  in  air,  63,  312,  320 
in  soil,  155 
in  water,  134,  135 
Bacterial  growth,  coatlitioiis  which 
influence.  322 
products  of,  323 
Bacteriological     examination  of 
.    filters.  116 
of  milk,  195 
of  soil,  155 
of  water,  135 
Bacteriolysis,  339 

Badcock  (vaccination  experiments), 
443 

Badger,  drain,  245 

Bagshot  beds,  151,  152,  164. 

Bakehouses,  sanitary  law  relating  to, 
555,  556 

Baker,  Sir  George,  7,  8,  222 

lia.lantidi'umi  coli,  317 

Ballard  on  age-incidence  of  diarrhoea, 
365,  366 
on  animal  vaccination,  14 
on  effluvium  nuisances,  71 
on  food  poisoning,  185,  186 
oil  milk-borne  enteric  fever,  197 
on  offensive  trades.  72-77 
on  pneumonia  at  Middlesbrough, 
186,  406 

on  soil  theory  of  diarrhoea  causa- 
tion, 161 
Baly,  on  dysentery,  374 
Bangor,  enteric  fever  at.  1-15 
Banting's  treatment,  171 
Bard,  on  diphtheria,  367 
Barley,  216,  217 
Barlow's  disease,  179 
Barometer,  aneroid,  22 

construction  of,  19 


Barometer,  corrections  for  reading. 
21 

fluctuations  of.  20 

Jordan's  glycerine,  22 
Barrack-schools,  287 
Barracks,  air  in,  84,  85,  88 

and  Hospitals  Commission,  12 
Barry,  F.  W.,  on  back-to-back  liouse.s. 
273 

on  enteric  fever.  145,  159 
on  small-pox  at  Sheffield.  302. 
332.  438,  441 

{  Bary,   De  (muscardine    disease  of 

I      silkworms),  318 

j  Baryta-water,  56,  133 

1  Basements,  habitable,  268 

{   Basic  rocks,  149 

I  Bassi  (fungus  of  muscardine),  318 
Baths  and  washhouses,  10.  532 
Baths  and  Washhouses  Acts  (1846- 

48).  10.  504.  532 
Bats,  parasites  of,  317,  390,  392 
Baudet  (formaldehyde),  468 
I  Beans,  215,  216 
Beaufort's  sca\e,  43 
Bedding,  disinfection  of,  459 
Beef  extracts,  nutritive  value  of.  170 
pie,  poisoning  by,  186 
ribs  of    „         „  185 
Beer,  arsenic  in,  220 
examination  of,  220 
in  relation  to  gout,  223 
lead  iu,  222 
Beetles,  larvte  of  in  water,  134 
;  lochia,  on  cancer  statistics,  357 
:  Behring  (antitoxic  serum),  342 — 344 
'  Belfast  water,  377 
!  Bell.    Professor,  on    scarlet  fever. 
I  198 

I  Bell,  Dr.,  on  anthrax,  70,  71 
■  Bellows-regulator,  242 
Bell-trap.  237 
Bench-marks,  106 
Benign  tertian  malaria,  390.  393 
Bennett  vrrsvs  Harding.  552 
:   lierg.   Dr.    (statistics    relating  to 
j  whooping-cough,  scarlet 

!  fever,  and  measles  in 

!  Sweden).  329 

t  Beri-beri.  47.  324.  354,  449.  456 
I  Berkefeld  filter,  117,  136 
Berlin  .sewage  farms.  259 
Beverages  and  condiments.  17(i,  220 
JUchromato,  special  rules,  regulating 

manufacture  of,  555 
Bignami,  on  malaria  parasites,  390 
Jiilhnrzin  liirmatohia,  135.  148,  316 
Bilious  remittent  fever,  395 
Bills  of  mortality,  2,  6,  425.  482 
Biological  treatment  of  sewage,  260 
Bird's,  Hinckes-.  method  of  ventila- 
tion, 93 
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Birmingham.  Dr.,  on  ganister  dis- 
ease, 67 
Birth-rate,  470 

influence  of.  on  death-rate,  iJii 
Births  and  Deaths  Registration  Act. 
473,  509 

registration  of.  473 
Bischolf's  lilter.  117 
Black  bread,  219 

damp.  77 

death,  3,  5, 402 

hole  of  Calcutta,  87 
Blackheath  beds,  152 
Blackman  fan,  96 
Blackstone,  on  nuisances.  522 
Blackwater  fever,  395 
Bladder-worms,  315 
Blains  and  boils,  plague  of,  312 
BlapD  inortisaga.  313 
Bladoiiiycetcs,  320,  358 
Blattern  nnd  Schutzpockcuimpfung, 
442  , 

lilaxall,  on  enteric  fever,  143 
Bleaching  powder  as  a  disinfectant, 
467 

J'.lock  buildings,  precautions  against 

tire  in,  276 
Blood  boiler,  72 
drier,  72 

utilisation  of,  trades  involving, 
72 

Blown  tins,  185,  210 
Bloxam's  method,  499 
Blue-biUy,  77 

Blyth,  Wyntcr,  on  examination  of 
sediment  from  water, 
1.34 

on  formic  aldehyde.  4G8 
Board,  Central,  of  llealth,  9, 138,  557 

of  Agriculture,   192,    193.  209. 
352,  853,  382,  542.  543 

of  Inland  Revenue,  221 

Local  Government.    QSve  Local 
Government  Board) 

of  Trade,  529,  573 
J;oards,  local,  established,  9 

of  guardians  constituted  sani- 
tary authorities,  11 
Boiling  as  a  means  of  cooking,  187 

of  milk,  179.  196.  374,  879,  419 

of  bones,  soap,  and  tripe,  73 

point  of  water,  101 
Bombay  fever,  449 
Bonding  (of  bricks),  274 
Bone  boiler,  72 
lione-hole,  73 
Jiiw2)hilm  /wvi»,3n,  892 
I'Ooth  vermn  Ferrett,  620,  521 
lioracic  acid  as  a  disinfectant,  468 

in  milk,  193,  194 
Borate  of  soda,  194 
I'-Diuugh  Councils,  504 


Borough  Hospital,  Sheffield  (small- 
pox in),  43a 
Bothrioccphahis  latus,  147,  181,  190 
Jiotkin's  bacillus,  208' 
Untryth  basslana,  320 
Bourgeois  (oedeme  malin),  70 
Bowditch,  on  phthisis,  162 
Bovver-Barff  process.  246 
Boyle's  law,  23,  24,  28,  30,  82 
Bramah,  Joseph,  inventor  of  hy- 
draulic press,  17 
water-closet,  229 
Brandy,  222 
Krassfounders'  ague,  68 
Braxy  in  sheep,  184 
Brazilio-Paragaayan  war.  398 
Bread,  174, 

brown,  214 
Bretonneau,  on  diphtheria,  367.  3()8, 
•  410 

o:i  enteric  fever,  375 
Brewers'  grains,  196 
Brick  earth,  151,  152,  153,  164 
Brickfields,  effluvia  arising  from,  77 
Brick-making,  77,  225 
Bricger,  ou  diphtheria  toxine,  342 

on  mytilotoxinc,  214 

ou  ptomaines,  324  ■ 
Brighton  Life  Table,  490,  492.  494 

phthisis  notification  in,.  452 
Briscowe,  on  match-making,  ()8  , 
Bristowe's  formula,  498 
JJritinh  Medical  Journal,  70,  187, ,197, 

198.257.378 
Broad  irrigation,  258 
Broad  Street  pump,  138,  139 
Bromine  as  a  disinfectant,  463 
Bruce,  on  Micrococcus  w.clitcnsiii,  388 

on  trypanosoma,  816 

on  tsetse  fly  disease,  826  . 
Brucine  test,  127 
Bubonic  plague,  312 
Buccleuch's,  Duke  of ,  Commission,  11 
Buchan  and  MitcheU'a  curves,  327, 

.336,  398,  404 
Buchanan  (Sir  George)  on  chemical 
analysis  of  water,  144 

on  disinfection,  458 

on  enteric  fever,  142,  148,  159, 
876 

oil  phtliisis  162  l(i7 
Buckwheat,  217 

Budd,  Ur.  William  (enteric  fever), 
14,  188 

Building  Act,  London,  266,  267,  268, 

269,  270,  277,  278,279 
rules  of  Education  Code,  285 

Buildings,  law  relating  to,  7,  264— 

270,  277—279,  567,  576 
obstructive,  51 9 

unlit  for  habitation,  549 
Bulloch,  on  tubercle  bacillus,  321 
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Bulstrode,  on  oysters  aud  shell  fish, 
213 

Bunsen   (absorptiou    of   gases  by 

liquids),  50 
Burden  Sanderson  (decay  of  organic 

matter),  265 
Burial  Act  (1852).  558 

(1855),  559 
Burial  boards,  560 
grounds,  272 

disused,  534: 
in  London,  560 
provided  under  the  Burial 
Acts,    regulations  for, 
558 

of  dead,  law  relating  to,  558 

surface,  562 
Burnett's  fluid,  46i 
Butt  (in  tanning),  74 
Butter,  194,  209 

adulteration  of,  209 

examination  of,  209 

Sale  of,  Kegulations  (1902).  209 

tubercle  bacillus  iu.  210 
Butyric  .icid,  209 
Buys-Ballot's  law,  45 
BycuUa  gaol,  340 
By-laws,  model,  as  to — 

buildings  on  made  ground,  264 

canal  boats,  550 

cemeteries,  563,  573 

cleansing  and  scavenging,  566 

common  lodging-houses,  563,  566 

hackney  carriages,  563 

hop-pickers  and  fruit-pickers,  563 

horses  standing  for  hire,  563 

houses  let  in  lodgings,  563 

markets,  563,  568 

mortuaries,  563,  573 

movable  dwellings,  563,  574 

new  streets  and  buildings,  264- 
268,  563,  567 

offensive  trades,  75,  563,  574 

pleasure  boats,  563 

pleasure  grounds,  563 

prevention  of  nuisances,  563,  560 

private  scavenging,  563,  564 
slaughter-houses,  563 

privies  and  middens,  233,  563 

public  baths,  washhouses.  and 
open  bathing  places,  563 

slaughter-houses,  5()3,  568 

tenement  houses,  569 

tents  and  vans,  563,  574 
By-laws,  model,  under  Public  Health 
Acts  Amendment  Act,  1890,  575 


c 

Cachexia,  malarial,  393 
Cainozoic,  150,  151 


Caisson  disease,  23 

Caius   CoUege,   Cambridge,  enteric 

fever  at,  143 
Calfmdra  gratmria.  218 
Calcareous  soil,  149,  150 
Calcium  in  water,  129,  146 
Calcium    chloride    solution,  steam 

given  off  from,  462 
Calculation  of  diets,  172 — 176 

of  discharge  from  sewers.  252 
Calculus,  147,  167 
Calcutta  fever,  449 
Calmette  (snake-poison),  343 
Calvert's  carbolic  powder,  465 
Camberley,  diphtheria  at,  204.  205 
Camberwell  cow  malady,  202 
Cambrian  system  of  rocks,  151 
Cameron,  Donald  (septic  tank).  260 
Cameron,  Sir  Charles,  enteric  fever 

in  Dublin,  160 
Camp-fever,  453 

Canal  Boats  Acts  (1877,  1884),  .550 
Cancer,  355 

distribution  of,  356 

houses,  357 

mortality,  355,  356 

in  relation  to  soil,  167 
Cane  sugar.  1 72 
Canker,  482 
Canton,  plague  at,  402 
Capacity,  correction  for,  21 
Capaldi    and    Proskauer,  culture 

medium  of,  378 
Capillarity,  correction  for,  21 
Caproic  acid,  209 
Caprylic  acid,  209 
Carbide,  magnetic.  117 
Carbo-hydrates,  170,  171,  172,  214 
Carbolic  acid  as  a  disinfectant,  464 
468,  469 

Carbon,  amount  required  per  diem  in 
food,  176 
bi-sulpbide  in  air,  69,  80 
dioxide,  assimilation  of,  by  green 
leaves,  85 
effects  of  excess  of.  87 
elimination  of,  84 
estimation  of,  in  air,  5(! — 59 
in  soil,  154 
in  water,  120, 133 
in  air,  DeChaumont's  limit 
of  respiratory  impurity. 
84 

in  air,  from  consumption  of 

coal,  80 
in  air,  estimation   of,  by 

Haldane's  method,  58 
in   air,  estimation  of.  1)y 

Angus  Smith's  melliotl. 

59 

in  air,  estimation  of,  by  Pot- 
tenkofer's  method,  56 
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Carbon  dioxide  in  air  of  towns,  80,  81 

in  barracks,  88 

in  mines,  77 

in  schools,  84,  85 

in  sewers,  254 

in  soil,  154 

in  stables,  85 
monoxide,  detection  of,  in  air,  60 

from  charcoal  fires,  81 

in  water-gas,  60 

poisoning,  60,  82 
Carbon,  organic,  in  water,  122 
Carbon,    silicated,    as    a  filtering 

medium,  117 
Carbonates  in  water,  115, 133 
Carbonic  acid  (_See  Carbon  dioxide) 
Carboniferous  system  of  rocks,  152 
Carcases,  tuberculous,  regulations  as 

to,  188 
Carle,  on  tetanus,  448 
Carlisle,  phthisis  at,  163 

food  poisoning  at,  185,  186 
Carnelley,  Haldane,  and  Anderson, 

experiments  on  air,  65,  85, 
285 

methods  of    heating  con- 
trasted, 102 

observations  on  bacteria  and 
moulds  in  air,  65 

on  phthisis  in  relation  to 
overcrowding,  88 

researches  on  school  ventila- 
tion, 97,  285 
Carter.  Vandyke  (relapsing  fever), 
408  ' 

Case-mortality  of  cholera,  361 
diphtheria,  372 
enteric  fever,  376 
hydrophobia,  383 
influenza,  384 
measles,  330,  397 
plague,  404 
relapsing  fever,  408 
scarlet  fever,  330,  413 
small-pox,  330,  437,  440 
typhus  fever,  453 
whooping-cough,  454 
yellow  fever,  456 

Casein,  171,  190 

Caspian  Sea  (cholera  route),  360 
Cat,  tffinia  of,  315 

diphtheria  in  the,  371 
Catchment  area,  106 
Catgut  manufacture,  74 
Catholic  Nursing  Institutions,  Prus- 
sian, 89 
Cator's  anemometer,  42 
Cattle,  tuberculosis  in,  187 

plague,  335,  343 
Cayor,  ver  du,  313 

Ceely  (experiments  on  vaccination), 
443 


Cellar  dwellings,  278 

law  relating  to,  519 
Cellulose,  172 
S   Cement  works,  68,  69 
Cemeteries,  air  of,  80 

Clauses  Act  (1847),  11,  557,  559 
law  relating  to,  557,  573 
London,  report  on,  562 
nuisance  from,  524 
sanitary  requirements,  560 — 562 
water  from  neighbourhood  of. 
561 

Census  report  (1891),  471 

intermediate,  472 
Centigrade  scale,  26 
Cercaria-stage,  315 
Cercomonas,  316 
Cereals,  171,  214 
Cerebro-spinal  fever,  358 — 360 
Certifier,  public  medical,  of  the  cause 
I      of  death,  474 
Cesspools,  12 

construction  of,  228 
Cestoda,  313,  314,  315 
Chadwick,  Sir  Edwin,  at  the  Board 
I  of  Health,  12 

general  report  of  1842,  10 
I         on  burial  grounds,  657 
I         on  interment  in  towns,  11 

on  water-carriage,  230 
Chalk,  150, 151,  164 

soils,  150,  152 

water  from,  112,  127 
Chamberland- Pasteur  filters,  117 
Chanteniesse,  on  oysters,  211 
Charcoal  as  a  filtering  medium,  116 

closets,  231 

fires,  81 
Charles' law.  28.  32 
Chaumont,  De  (limit  for  CQo),  84, 
285 

Chauveau,  on  small-pox,  444 
Cheese,  margarine-,  definition  of, 
543 

Cheese,  174,  194,  196,  210,362 

poisoning  by.  210 
Chemical  works,  law  relating  to,  5, 
77,  557 

disinfcctaulis,  463 
Chemiotaxis,  negative,  336 

positive,  336 
Chichester,  enteric  fever  at,  160 
Chicken-pox, 355 

Chief  Inspector  of  Factories,  71,  352, 

853,  555 
Chigoe,  313 

Children,  Education  of  (Factory  Act 

requirements).  552 
China-scouring.  66 
Chinosol,  464 
Chloride  of  lime,  463 

as  a  disinfectant,  463,  464 
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Chloride  of  zinc  as  a  disinfectant, 
463,  46i 

Chloriue  as  a  disinfectant,  463,  467 

in  air,  62 

in  water.  119 
Chokc-dainp,  77 
Cholera,  300—363 

antitoxic  scrum  treatment  in. 
340 

case-mortality  of,  361 
endemic  in  India,  327 
history  of,  in  England,  138 
hog,  production  of  immunity  in. 
342 

in  relation  to  air  of  graveyards. 
80 

climate,  47 

ground  water.  108,  154,  157. 
232 

milk,  205.  325 
water,  13,  138—142 
nostras,     bacillus  enteritidis 

sporogenes  in. 208 
outbreak  at  Altona  (1893),  142 
at  Hamburg  (1892),  141 
at  Stettin,  142 
in  London,  137,  138—141 
pandemic  prevalence  of,  360 
powers  of    Local  Government 
Board  to  make  regula- 
tions, 529 
prevention  of,  363 
preventive  inoculation  for,  363 
-red  reaction,  136,  3()2 
spirillum  of,  136,  362 
viability  of  vibrio  in  water,  137 
Clioudrin,  170 
Chrisonics,  482 
Chromatc  of  potassium,  119 
Churchyards  included  in  definition 

of  nuisance  in  Scotch  Act.  524 
Chyluria.  314 
Cider,  222 
C'iiiaia,  317 

Cirrhosis,  infantile  biliary,  449 
Cisterns,  cleansing  of,  114 

materials  used  in  construction 
of,  lis 

waste-preventing,  242,  243 
City  Corporation,  powers  as  regards 
open  spaces,  534 
powers  under  Housing  Act. 
545 

use  of  power   to  regulate 
tenement  houses,  13 
Clark's  process  for  softening  water. 
116 

Clark's  test.  120 
Classification  of  climates,  47 

of  diseases  by  llegistrar-General, 
482 

of  food-stufifs,  171 


Clauses  Consolidation  Acts  (1847)-,  11 
ClavicejiH  puT2)iin'ca,  219 
Clay,  152 

joints  (drains),  245 

London, 153,  164 

soils,  composition  of,  149 

stones,  150 
Cleauline-s  in  milking  operations. 
195,  579 

Cleansing  of  Persons  Act  (1897),  531 
and  scavenging,  law  relating  to. 
517 

Cleethorpes.  cholera  at,  361 

Order  (1893),  530 
Clerks,  parish,  of  London,  482 
(Jlimaics,  classification  of,  47 

diseases  associated  with  various 
kinds  of,  47 
Closet,  hot.  for  drviug  clothes.  102. 
282 

Closets,  earth,  229,  231,  307 

flush-down,  241 

long  hopper.  240 

pan  and  container,  240 

short  hopper.  211 

slop,  239 

syphonic,  241 

trough,  244 

tub  and  pail.  23^ 

valve,  229.  241,  242 

wash-down,  24i 

wash-out,  241 
Closing  order.  524,  549 

appeal  from.  524 
Closure  of  schools,  289—295 
Clothing  materials,  microscopic  ap- 
pearance of  fibres  of,  40 
Clouston  (sewage  emanations).  375 
Clowes,  on  bacterial  filter  beds.  261. 
262 

Coal,  combustion  of,  80 

gas,  manufacture  of,  81 

impurities  in,  82 
Mines  llegulation  Act  (1887),  523 

Coccidiosis,  3 1 7 

( 'occicliuvi.  cuuiciiU.  31(! 

fjoooidium  oviformc,  317 

Cochin-China  diarrhoea.  314 

Cockles.  213.  214 

Code,  of  Education  Department.  289. 
508 

Co-eflinient  of  Association,  501 
Coffee,  170 

Collins  of  millboard,  562 

of  paper  pulp,  562 
Coliesion,  force  of.  17 
Coke.  80 

breeze  filters.  261 
Colic  in  Devonshire  (Baker),  8 
Colitis,  374 

Collection  of  samples  of  air,  56 
of  samples  of  water,  118 
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College  of  Physicians,  Eoyal,  2,  5,  | 

365,  418,  424,  482,  537 
Colostrum.  196  ' 
Cols.  44— 46 

Combustion,  vitiation  of  air  by,  80 — 
88 

Commentaries  of  Ileberdcn,  410 
Commission,  Koyal,  on  Army  Kegula- 
tions  (1857),  12 
on  ArFcnical  Poisoning,  220 
on  Hospitals  (1881),  301 
on  Indian  Plague  (1901),  340, 
404 

on    Organisation    of  Mili- 
tary Hospitals,  88 
on  Pollution  of  Kivers.  227 
on  Sewage  Disposal,  263 
on  Tuberculosis  (1895-1898),  i 
187,  188,  206,  207,  451.  I 
578;  (1901),  208  ] 
onVaccination.424.426,428,  ' 
429.  431,  433,  435.  437. 
440.  441.  443,  444,  445. 
446,  447,  502 
U.S.  Army,  on  Yellow  Fever,  457  i 
Commissioners,  of  Customs,  529.  542 

of  Police.  519  ' 
Committee,  Mr.  Slaney's,  10 
Death  certification,  474 
Departmental(iSV'P  Departmental 
Committee) 
Common  Lodging-Houscs  Acts,  504, 
520 

Common  lodging-houses.  281 — 283. 
519—522,  566,  567 
legal  decisions  concerning, 
520,  522 

Commons,  parks,  and  open  spaces,  534 
Comparative  mortality  figure,  480, 485 
Compensation  for  compulsory  pur- 
chase, 547 
Complement,  348 
Complete  expectation  of  life,  489 
Concrete  for  buildings,  153 
Concretor,  234 
Condiments,  170 
Conduction,  heating  by,  40 
Conglutin,  214 

Congress,  British,   on  tuberculosis, 
207,  321 

Conn,  Professor,  on  enteric  fever  and 

oysters,  211,  212 
Connecticut  (outbreak  of  enteric).  211 
Conservancy  methods  of  sewage  dis- 
posal, 234 
Constant  supply  of  water,  113.  114 
Constantinople,  plague  at.  402 
Constitutional  diseases,  482 
Construction  of  dwellings.  274 
Contagion  distinguished  from  infec- 
tion, 321 
Contagionists,  157 


Contagious  disease,  321 

Contagious  Diseases  (Animals)  Act 

(1878),  15,515,  .531,577 
Contagium  Animatum,  817 
Contamination  of  water  by  sewao-e. 

260 

Contour  lines,  106 
Convection,  heating  by,  40,  42 
Cook,  Captain,  8 
Cooking  of  food, 178,  187 
Copeman,  Dr,,  on  an  epidemic  skin 
disease,  197 

on  glyceriuated  lymph,  423 

on  variola  and  vaccinia.  444 
Copenhagen,  small-pox  at,  425 
Copper  in  food,  194,  210 

in  tinned  peas,  194 

in  water,  129 

sulphate,  as  a  disinfectant,  463 

Core,  hard  and  soft,  224 

Corficld  (relaxed  throat  due  to  es- 
cape of  gas),  82 

Cornet  (nursing  iLstitutions  in 
Prussia),  89 

Corrected  death-rates  in  towTis,  481 

Correction,  factor  for,  480 

Correction  for  outlying  institutions, 
474 

Correlation,  501,  502 

Correlation  of  characters  not  quanti- 
tatively measurable,  502 

Cory  and  Dupre,  on  water  analvsis, 
144 

Cotton  fil^res  in  water,  40,  41,  134 
cloth  and  other  humid  factories, 
552,  555 
Counties,  administrative,  503 
and  county  boroughs,  503 
County  districts,  503 
Court  of  reference  (to  exercise  super- 
vision over  use  of  food  preserva- 
tives), 194 
Courts  internal,  in  buildings,  269 
leet,  5 

Cowkcepers,  registration  of,  577 
Cowls,  91 
Cowsheds,  577 

lighting  and  ventilation  of,  579 
CoxweU's  balloon  ascent,  23 
Crag,  150 

Cream,  174,190,  194,198 

Cremation,  562,  563 

Cremator.  226" 

Creoliii,  464 

Cresol,  464 

Cresylic  acid,  464 

Cretaceous  system  of  rocks,  151 

Crimean   Sanitary  Commission  ap- 

])oiiitcd,  12 
Crombie,  on  clinical  types  of  tropica) 

fevers,  449  > 
Croonian  lecture  (Ehrlich),  847 
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Crotiu,  347 
Croup. 368 

Crusaders  and  leprosy,  5,  385 
Cubic  space  required  for  animals,  85 
in  artisans'  dwellings,  278 
in  barracks,  85 
in  block  dwellings,  278 
in  canal  boats,  550 
in  common  lodging-bouses, 

85,  282 
in  cowsbeds,  579 
in  dwellings,  84 
in  bospitals,  297 
in  bouses  let  in  lodgings.  85, 

572 

in  relation  to  ventilation,  84 
in  scbools,  85,  284 
in  workbouse  dormitories,  85 
in  worksbops  and  factories, 
553 

Cul  do  sac.  278 
Culfx,  389.  391.  392 
CuUmda:,  391 

Cumberland  Asylum,  dysentery  at, 
375 

Cumulus  clouds,  45 

Cunningbam,on  soil  temperature,  155 

on  cholera  vibrio,  159 
Curtate  expectation  of  life,  489 
Customs.  Commissioners  of.  529,  542. 
543 

Customs  and  Inland  Revenue  Act 

(1890),  279 
Cyclones,  44 

secondary,  45 

velocity  of,  45 
Cynancbe  maligna,  367 
CijKtieercrts  bmns,  181 
L'y.iticn-nts  cellnlosa:,  180 
Cytotoxincs,  348 

D 

Daikiks,  cowsbeds.  and  milkshops. 

Orders,  206,  577—579 
Dalton's  laws,  31 
Damp  course,  275 
Dandy  fever,  362 

Dangerous   infectious  diseases  de- 
fined, in  London, 536 
Dangerous  and  unhealthy  industries, 
65 — 71,  552,  555 
structures,  533 
l)(t])hniU:  335 

Dareiitb.  small-pox  hospitals  at,  302, 
303 

Davaine's    researches    on  anthrax 

bacillus  (1863),  14,  318.  351 
Davidson,  on  epidemic  disease,  327 
on  seasonal  prevalence  of  measles 
and  small-pox,  399,  400 


Day-rooms    in    common  lodging- 
houses,  282 
in  Poor  Law  schools.  288 
Day-school  code,  283—286,  289,  290 
Death,  causes  of,  481 

certification  committee,  474 
moan  age  at,  496 
-rate,  470 

central,  488 
corrected,  480 

factor  for  coirection  of,  480 
influence  of  age  and  sex 

upon,  477 
influence  of  birth-rate  upon. 

476 

of  illegitimate  infants,  476 
standard,  479 
zymotic,  482 
-rates,  combined,  476 
registration  of,  473 
Definition  of  common  lodging-house, 
520 
drug,  540 

epidemic  disease,  327 
factory,  551 
nuisance,  522 

overci'owding  in  factories,  553 

sewer  and  drain,  516 

working  class,  546 

workshop,  551, 552 
Definitive  host,  314 
Defoe's  Journal  of  the  Plague,  7 
Dempster,  on  cholera  organisms  in 
soil,  159 

Deneke,  on    an  organism  in  old 

cheese.  362 
Dengue,  47,  324,  363 
Density,  maximum  of  vapours,  31 

of  water,  42 
Density  of  population  in  I'elation  ta 

death-rates,  271 
Deodorants,  458 

Departmental  Committee  of  Board 
of  Agriculture.  192,382 
of  Home  Office  on  Industrial 

Schools,  288 
of  Local  Government  Board 
on  Poor  Law  Schools, 
288 

on  food  preservatives. 
194 

DcrmaMria  mxwl'nt.  313 

Dcsmids  in  water.  134 

Destination  of  persons  from  infected 

ships,  530 
Destructor  furnaces.  225.  226 
Developmental  diseases.  422 
Devojiian  sj'stem  of  rocks,  151 
Devonshire  colic,  222 
Dewsbury  (small-pox  outbreak),  435 
Dew-point.  32 
Dextrin.  215 
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Dextrin  in  beer,  220 
Diarrhoea,  epidemic,  364 — 366 
in  relation  to  bntter.  210 

milk,  196,  197,  208,  209 

mussels,  214 

season,  364 

soil,  155,  160—162,  365 

water,  146 
Diarrhceal  diseases,  482 
Diatoms  in  water,  134 
Diazo-benzene-butyrate,  210 
Dibdin's  method  of  treating  sewage, 
260 

Diet,  general  principles  of,  173 

Dietetic  diseases,  482 

Diets,  calculation  of,  174,  175 

table  for  calculating,  174 
Diffusion  of  gases,  38 
Digestibility  of  food,  as  affecting  its 

nutritive  value,  174 
Dip  of  strata,  152 
Diphenylamine,  193 
Diphtheria,  causes  and  prevention  of, 
371—374 

and  elementary  schools,  293 

antitoxic  serum,  342,  344,  372 

bacillus,  204,  205,  320,  321,  324 

case-mortality  of,  411 

density  of  population,  and,  370 

dissemination  of,  371 

effect  of  antitoxic  treatment  in. 
372 

in  relation  to  milk,  197,  204,  325 
371 

schools,  89,  289,  292,  370 

sewer  air.  79,  371 

soil,  163,  167 

water,  147 
Diseases,  constitutional,  482 
contagious,  321 
developmental,  482 
diarrhceal,  482 
dietetic,  4i82 
infectious,  321 
inoculable,  321 
local,  482 
malarial,  482 
miasmatic,  321 
nomenclature  of,  2,  482 
parasitic,  482 

Prevention  and  Nuisances  Ee- 
moval  Act  (1846).  11 ; 
amended  (1848),  12 

septic,  482 

venereal,  482 

zoogenous,  482 

zymotic,  482 
Disinfecting  powders,  465 

apparatus,  460 — 462 
Disinf action  by  chemicals,  463 — 465 

by  heat,  458 

by  steam,  459 — 462 


Disinfection,  gaseous,  465 

injury  of  articles  by  heat.  460 

of  bedding,  459 — 462 

of  books,  etc.,  460 

of  excreta,  464,  465 

of  rooms,  465 
Disinfcctors — 

Equifex,  462 

Ransom's   self-regulating  hot- 
air  apparatus,  460 

Eeck's.  462 

Thresh's,  462 

Washington  Lyon's,  462 
Disposal  of  sewage,  255 

of  sludge,  257 
Distillation  of  spirits,  222 

of  water,  115 
Distomidm,  316 
Dintoinum  eonjimotn  ;ii ,  316 

crmsuvi,  316 

hepafAoum,  148,  184,  315 

heterophyeg,  316 

Imiccolatum,  316 

Ringeri,  316 

Sinense,  316 
Distribution,  geographical,  of  dis- 
eases, 47 

of  pressure  in  gases,  17 
Districts,  county,  503 

rural,  503 

urban, 503 
Disused  burial  grounds,  272,  534.  559 

Burial  Grounds  Act  (1884),  559 
Diver's  palsy,  23 

DocUnmis  diiodcnalis.  135,  148,  313 
Doccker  material,  309 
Dog,  host  of  tapeworms,  181,  315 
Dogs  in  slaughter-houses,  568 

and  rabies,  382 
Doldrums,  46 
Dolomite,  147 

Donitz  (experiments  concerning  aiiti- 

toxine),  346 
Dormitories,  288 

Double  salts  formed  by  magnesia,  121 
Downcs  (diphtheria  incidence),  370 
Dracoiitiasis,  312 
.Draouncidm  medineniis,  312,  313 
Drainage,  162 

law  relating  to,  238,  515 

of  houses,  235 
Drains,  cleansing  of,  247 

combined,  515 

construction  of,  246 

definition  of,  51() 

examination  of,  250 

fall  of,  246 

laying  of,  246 

ventilation  of,  2 1.H 
Drift,  glacial,  150 
Dropsy,  epidemic,  \W 
Drosera,  'l49 
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Drugs,  definition  of.  540 

Foodand.  Act  (1875);  15,' 540— 544 
Dry  closets,  2.S] ,  2.S.H  -  235 
Dry  methods  of  removing  excreta, 
282—234 

steincd  wells,  111 
Dublin,  mild  climate  in  winter,  47 

cerebro-spiDal  fever  in,  358 

enteric  fever  in,  159 

leprosy  in,  387 

relapsing  fever  in,  407 

small-pox  in,  442 
Ducat  (self-acting  sewage  filter),  2()1 
Dukes,  C,  on  "  fourth  disease,"  409 
Duncan.  Dr.,  M.O.H.  of  Liverpool 

(1847),  12 
Dundee  schools,  ventilation  in,  97 
Dunham  (cholera  spirillum),  136,  3()2 
Dupre  (contamination  of  water).  133. 
144 

Durham,  enteric  fever  in  registra- 
tion districts  of,  159 
Durham,  H.  E..  on  serum  reaction. 
187,  377 
on  dysentery,  374,  375 
Dust,  as  a  mechanical  irritant,  65 — 67 
bins,  225 
in  air,  65 

in  brick-making.  77,  225 

shoots,  225,  278 
Dust  cart,  225 
Dusty  occupations,  65 
Dutch  method  of   preparation  of 

white  lead,  68 
Dyas  system  of  rocks,  150,  151 
Dysentery  and  liver  abscess,  374 

and  climate,  47 

asylum  (Mott  and  Durham  on). 
374 

in  relation  to  flies,  375 

to  food,  375 

to  season,  375 

to  sewage  emanations.  375 

to  soil,  168,  375 

to  water,  147,  375 
prevention  of,  375 
Dyspepsia  and  drinking-water,  146 
and  alum,  217 


E 

EagLEY,  enteric  fever  at,  198 
Ealing,  destructor  at,  258 
Ear-cockle,  218 
Earth-closets,  231,  307 
Earth-thermometers.  161 
Earth-worms,  352 

Earthenware  and  china  works,  special 
rules  for,  555 
pipes,  245 
Eberth'a  bacillus,  340,  370,  877 


I   ErJiinocoGcm  hmninh,  1 82 
Edinburgh,  climate  of,  47 
enteric  fever  at,  197 
scarlet  fever  at,  202 
Jidinhiirijh  3fedical  Joiir/uil  (ISiiSyVJl 
Education  Department,  Code  of  Ile- 

gulations  of — 
'       school  closure,  289,  290,  508 
standard  of  cubic  space,  85 
Education,    Elementary,   Act  and 

diphtheria  prevalence,  292,  293 
Effluents,  sewage,  257 
Eggs,  174 

of  tapeworms,  181 
Egg-shaped  sewer,  251 
Egypt — haematuria  in.  316;  plague 

in,  402  ;  plagues  of,  312 
Egyptian  ulcer,  367 
Ehrlich,  on  immunity,  337-349 
Bhrlich's  side-chain  theory,  346— 349 
Electrolysis  (precipitation  of  sew- 
age), 256 
Electro-plate  manufacture,  67 
:  Elementary  Education  Act  and  diph- 
j      theria  prevalence,  292,  293 
j  Elephantiasis,  314 
Elizabeth,  Act  of  43rd  year  of  reign, 
dealing    with    mendicants  aud 
vagrants,  5 
Ely,  drying  of  subsoil  at,  163 
Emanations  from  putrefying  organic 

matter,  78 
Emerods,  402 

Emigration,  effect  of.  on  death-rates. 
474 

:  Employment,  overtime,  hours  of.  etc.. 
I      552  ■ 

Empyrcumatic  bodies  in  spirits,  222 
[  English  bond  (bricks),  274 
'         Sanitary  Institutions  (Simon).  1 
I  Enteric  fever.  375  -379 
i  anti-toxic  serum  in.  340.  342 

bacillus  of.  376—378 

detection  of.  in  water. 
135 

case-mortality  of,  376 
decline  in  death-rate  in  re- 
lation to  carrying  out 
of  sewage  works,  163, 23 
immunisation  against.  340 
outbreaks  caused  by  fish 
190 

ice-cream.  197 

milk.  m.  205.  325.  376, 

378 
mussels.  213 
oysters.  211  -213 
sewer  air.  79.  378 
shell-fisl).  211—214 
soil.  154.  159,  160 
water,  14.  110.  142—146 

259,  377 


INDEX. 


693 


Enteric  fever,  prevention  of,  379 
Enteritis,  epidemic,  364 — 366 

zymotic,  364—366 
Entero-colitis,  260 
Entozoa,  315 
Entry,  right  of,  524 
Enzyme,  323 
Eocene,  151,  152 

Epidemic  cerebro-spinal  fever,  358 
diarrhoea,  364—366 
diseases  defined,  827 
Epidemiological     Society's  trans- 
actions,     358      (cerebro  -  spinal 
fever);    370-372  (diphtheria); 
397  (measles) 
Epithelium  in  milk,  195 

in  water,  135 
Epizoa,  315 

Equatorial  climates,  47 

Equifex  disinfecting  apparatus,  462 

sprayer,  464 
Ergot,  219 
Ergotism,  218,  327 

Brmenghem,  on  bacillus  botulinus, 
187 

Error,  law  of  frequency  of,  500 
probable,  500 

sources  of,  in  statistics  of  occu- 
pation, 486 
Erysipelas,  379,  380 

and  vaccination,  445 
drain  emanations,  and,  79 
idiopathic,  380 

in  relation  to  overcrowding,  89 
to  puerperal  fever,  379,  537 

rainfall  and,  168 

swine,  335,  343 

traumatic,  380 
Esparto  grass,  76 
Eternod  (small-pox),  443 
Ethers,  compound,  in  spirits,  222 
Eudiometiy,  52 

Evans,    Dr.  (back-to-back  houses), 

273 ;  (small-pox),  302 
Evaporation,  allowance  for,  104 
Examination  of  air,  50 — 65 
of  beer,  220 
of  bread,  217 
of  flour,  217 
of  milk,  190 
of  soil,  154—156 
of  spirits,  222 
of  starches.  215,216,  217 
of  water,  118—137 

for  arsenic,  129 

for  calcium,  118 — 137 

for  copper,  129 

for  iron,  129 

for  lead,  129 

for  magnesium,  130 

for  phosphates,  130 

for  silicon,  130 


I  Examination  of  water,  for  sulphates 
130 

for  sulphides,  130 
Excreta,  amount  of,  231 
disposal  of,  229—235 
removal  of,  229 

by  dry  method,  231 
Goux  method,  231 
Liernur  method,  233 
Shone  method,  233 
water,  232,  235 
Exeter,  enteric  fever  at,  197;  septic 

tank,  260 
Exhaustion,  hypothesis  of,  334 
Expansion,  co-eflScient  of,  27 
Expectation  of  life,  487 

in  Catholic  nursing  institu- 
tions in  Prussia,  89 
Explosives,  manufacture  of,  69,  555 
Extraction,  ventilation  by,  96 
Extractives,  170 


F 

Factoe  for   correction   of  death- 
rates,  480 
Factory  Act  (1864),  13  ;  (1867),  14 
Factory  and  Workshop  Act  (1878), 

15;  (1895),  486;  (1901),  551—557 
Factory  defined,  551 

fire  regulations  for,  554 
law  relating  to  sanitation  of ,  552 
Factories,  tenement,  552 

H.M.  chief  inspector  of,  67,  71, 
352 

annual  report  of,  67,  353 
Facultative  aerobes,  323 

anaerobes,  323 
Fahrenheit  scale,  26 
Fairs,  Markets  and,    Clauses  Act 

(1847),  11 
Fall  of  drain  pipes,  246 
Famine  fever,  453 
Fans,  ventilation  by,  96 
Farcy,  380 
buds,  381 

Farleigh  springs  (enteric  fever  at 

Maidstone),  146 
Farncombe,  enteric  fever  at,  145 
Fariic  Islands,  measles  in,  896 
Farr,  Dr.,  2,  12 

on  cholera  in  East  London,  141 
on  death-rate  of  illegitimate  in- 
fants, 476 
on  death-rates,  470 
on  density  of  population,  271, 
272 

on  March  of  an  English  genera- 
tion through  life,  477 

38 
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Farr,  Dr.,  on  mean  age  at  death,  49(5 
on  misstatement  of  age,  471 
on  nomenclature  of  disease,  482 
on  occupational  mortality,  485 
on  stationary  populations,  497 

Fan's  English  Life  Tables,  489 

rough  approximation  to  expec- 
tation of  life,  498 

FasoMa  Itcpatira,  315 

Fat  extractor,  73 

foreign  in  butter,  209 
melter,  73 

nutritive  value  of,  173 
Fats.  170,  171 
Faults,  152 
Favus,  320 
Febrile  diseases,  482 
Febris  undulans,  387 
Fehleisen,  on  erysipelas,  380 
Fellmonger,  74 
Felspar,  149 

Fergus,  Dr.,  on  traps,  236 
Fermentation,  323 

lactic  acid,  318 

of  urea,  318 
Ferrozone  and  polarite  process,  256 
Fever,  bilious  remittent,  395 

blaekwater,  395 

camp,  453 

double  continued,  449 
enteric,  375—379 
famine,  453 
gaol,  8 

Hospital,  London,  299 
Malta,  387 
Mediterranean,  387 
nasha,  449 

non-malarial  remittent,  449 

river,  of  Japan.  449 

scarlet,  409—419 

simple  continued,  449 

spotted,  453 

swine,  184 

typhus,  452—454 
Fevers,  tropical,  unclassed,  449 
Fibres,  muscle,  in  water,  135 
Fibrin,  171 

Fiji,  measles  in,  332,  398 
Fila/ria,  314 

BoMcrflflA,  314 

Dracvnoulus  mcdinensis,  135 

loa,  314 

Twctnrn/i,  314,  889 

pcTsiam,  314,  419 

Krmf/uinis  limumis,  148,  314 
Filarias'is,  314,  320 

and  the  mosquito,  389 
Filters,  Berkefekl,  117 

BischofE'8,  117 

domestic,  116 — 118 

etTects  of  frost  on,  109 

Pasteur-Cham  berland,  117 


Filters,  sand  and  gravel,  109 
Filtration  of  sewage,  258 
of  water,  109 

calculation  of  micro-organ- 
isms after,  109 

Koch's  rules  for,  135 
Finkler-Prior  bacillus,  362 
Finlay,  on  yellow  fever,  457 
Finsbury,  cheese  poisoning  in,  210 
Fire-damp,  77 
Fire-places,  open,  98 
Fire,  precautious  against,  276 
Fire,  the  Great,  7 
Fires,  gas.  100 

Fires,  impurities  in  air  from,  100 
regulations  to  secure  safety  from, 
in  factories.  554 

Fish,  189,  190,  320 

and  enteric  fever,  190 
parasites  of,  181,  189 
white,  composition  of,  174 

Fission  fungi,  320 

Flagellate  protozoa,  .HI 6 

Flats,  residential,  273.  274 

Fleas,  in  relation  to  plague,  404 

Fleas,  water-,  134 

Flemish  bond,  274 

Flesh,  digestibility  of,  178 

Flood-water,  110,  145 

Floors  and  flooring,  276 

Floor-space  in  hop-pickers'  sheds,  575 
in  hospitals,  297 
in  schools,  283,  284 

Flour,  174,  217 
ergot  in.  219 

Flue  smell,  92 

Fluke,  148,  184,  314,  315,  316 
Flushing  of  sewers,  242 
Flush  tank.  228 
Fly,  blue  bottle,  313 

bot,  313 

tsetse,  313.  326 
Fodor,  on  ground  temperature,  155 
Fog,  81 
Fomites.  326 

Food  and  Drugs  Act,  Sale  of  (1875), 
15  ;  (1875-1899),  540— 
544 

regulations  under,  192 
Food  accessories,  170 

adulteration  of,  law  relating  to, 

510— 5-14 
at  different  .vgcs,  178 
classification  of,  170 
cooking  of.  178 
dclicieiicy  of,  its  cfiEccts,  179 
definition  of,  540 
digestibility  of,  178 
diseases  connected  with,  179 
energy  obtainable  from,  173 
excess  of,  its  efl'cct8,_179  _ 
nutritive  value  of.  170,  171 
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Food-poisoning  by- 
American  sausage,  185 
beef,  185 
beef -pie,  186 

blown  tin  of  salmon,  185 
brawn,  185 

gelatinous  articles,  185 
ham,  185 

pigs'  tongues  tinned,  185 
pork,  185 
pork-pie,  186 
pork,  roast,  185 
salted,  186 
Tootguards,  phthisis  among,  88 
Foot  and  mouth  disease,  184 
Foraminifera,  150,  316 
Forchammer's,  process,  59,  ]  25 
Formaldehyde  as  a  disinfectant,  464, 
467.  468 
in  milk,  193,  194 
Formalin,  464,  467.  468 
Formic  aldehyde,  464,  467.  468 
Formochlorol,  468 
Fortin's  barometer,  19 
Fothergill,  on  putrid  sore  throat. 

367,  409 
Fourth  disease,  409 
Fowl  cholera,  318,  335,  338 
France,  death-rate  in,  476 
Frankel,  on  method  of  obtaining 
samples  of  earth,  155 
on  pneumococcus  of  pneumonia, 

SCO, 407 
on  toxine  of  diphtheria,  342 
Frankfort,  cancer  statistics  of,  356 
Frankland,  Sir  E.,  process  of,  122 
Percy,  on  viability  of  enteric 
fever  bacillus,  136 
Freire  (yellow  fever),  457 
French  army,  small-pox  in,  442 
Friction  in  ventilation,  40 
Friendly  Societies,  486 
Fruit,  177,  215 

pickers,  housing  of,  574 

Lodgings  Act  (1882),  575 
Fulham  Hospital  inquiry,  299,  301, 

302,  437,  442 
Fumigation,  465 
Fungi  in  water,  134 
Fungus,  ray-,  350 
Fur  from  water,  120 
Furfurol,  222 

Furnacns,  destructor,  225,  226 
JFuscl  oil,  222 


G 

Gapfky  (enteric  fever),  376 

_  and  Paak, onfood  jjoisoning,  186 
Gainsborough,  enteric  fever  at,  145 
'Gales,  43 


Galileo,  19 

Galton,  Mr.  F.,  on  natural  inherit- 
ance, 501 
Gallon's  stove,  99 

Gamaleia  (vibrio  Metchnikovi),  362 
Game,  184 

Gametocytes,  391,  394 
Gangrene  in  ergotism,  218 

hospital,  79 
Ganister  disease,  67 
Gaol  fever,  8 
Garde  Mobile,  Paris,  397 
Gartner's  bacillus,  339,  377 
Gas,  coal-,  amount  of  air  required  for 
combustion  of,  83 
illuminating  powers  of,  82 
impurities  produced  by,  82 

lamps  as  ventilators,  253 

Eeferees,  Metropolitan,  82 

stoves,  100 
Gases,  diffusion  of,  38,  39 

distribution  of  pressure  in,.  17 

offensive,  from  trade  processes, 
71—77 

physical  properties  of,  50 
Gastro-entcritis,  365 
Gault,  150,  151,  152,  164 
Gayton,  Dr.  (small-pox),  437.  441 
Generation,  spontaneous,  318 
Generations,  alternation  of,  315 
Geneva,  smaU-pox  in,  331,  333,  334 
Gennevilliers  (sewage  farm),  259 
Geometric  mean,  499 
Germ  theory,  312,  317—321 
German  army,  small-pox  in,  442 

measles,  409 
Germany,  cremation  in,  562 
Ghisi,  on  false  membrane,  3G7 
Gin,  222 

Gipsies  acclimatised  over  wide  areas 
49 

Glaisher    and    Coxwell's  balloon 

ascent,  23 
Glaisher's  factors,  36 

tables,  36 
Glanders,  324.  325,  380—382 

diagnosed  by  mallein,  381 

history  of,  380 

order  of  the  Hoard  of  Agricul- 
ture concerning,  382 

recommendations  of  Departmen- 
tal Committee,  382 

Glasgow, 

crematorium  in,  562 

enteric  fever  in,  232 

measles  in  fever  hospital  at,  100. 

plague  in,  405 

scarlet  fever  in,  203 

table  of  expectation  of  life  in,  -192 
Globulins,  171,  214 
(rlogginti/  HiorsitiinK,  326 
Gloucester,  small-pox  at,  435 
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Glucose,  172,  220 
Glue  and  size  maker,  73 
Glue  making,  73 
Glutein,  171,  214 

Glyceriuated  calf  lymph,  821,  423, 
447 

Glycerine,  171,  823 

agar    adapted    for  culture  of 
actinomyces,  851 

barometer,  Jordan's,  22 
Glycogen,  189 

Goitre,  in  relation  to  soil,  152, 167 

to  water,  147 
Golgi  (mosquito  theory),  388 
Gonorrhoea,  324,  325 

insusceptibility  of  animals  to, 
335 

Gordon,  Mervyn,  on  scarlet  fever,  203 
Gore  farm,  303 
Gout,  171,  179,  223 
Gous  system,  234 

Government  Laboratory,  samples 
obtained  for  analysis  at,  542 

Gradients  for  pipes,  246 

Graham's  law,  38 

Grainers,  74 

Granite,  150 

Grape  juice,  179 

Grass,  Timothy,  321 
bacillus,  321 

Grasses  infected,  and  wooden  tongue, 
350 

Grassi  (malarial  parasite),  390 
Grates,  99 
Gravel,  152, 164 
Graveyards,  air  of,  80 

law  relating  to,  557 — 560 

water  from,  146 
Grease  traps,  237,  238 
Greaves,  73 

Grecian  Archipelago,  ponos  endemic 
in,  449 

Greengate,  registration  district  of 
Salford,  back  to  back  houses  in, 
272 

Greenhow,  Dr.  (inquiry  concerning 
the  sanitaiy  state  of  the  people  of 
England),  13 

Grecusand, 150, 151,  152, 164 

Greenwich  (Tiospital  ships),  299,  302 

Grenades,  250 

Grenelle  (well  at),  110 

Gresswell,  on  fatality  of  scarlet 
fever,  418 

Gricss's  test  for  nitrates,  128 

Grimsby,  cholera  at,  861 

Ground  air,  154 

temperature,  155 
water,  154,  163 

Griiber,  on  agglutination,  839 

Guildford  (enteric  fever),  142 ;  (small- 
pox), 303 


Guinea  worm,  312 

Gulf  stream,  47 

Gut  scraping,  74 

Guy  (arsenical  poisoning),  68 

Gwynn,  on  enteric  fever,  377 


H 

Habitations,  construction  of,  274 

sites  for,  153 
Haccius  (variola  and  vaccinia),  443 
Hackney,  throat  illness  at,  202 

tubercle  bacilli  in  milk,  exami- 
nation for,  206 
Haden,  Sir  Seymour  (surface  burial) 
562 

JSmiULinceha  malarim,  390 
Hxmaviaiba  vivax,  390 
Hsemoglobinuric  fever,  395 
Haemolysis,  839,  348 
Haemosporidia,  317 
HafEkine.  on  plague,  340,  863,  403, 
406 

Haldane's    method    of  estimating 
carbon  dioxide  in  air.  58 
on  deaths  after  explosions,  78 
and  Smith  on  vitiated  air,  87 
Half -channel  pipes,  247 
JSalteridium,  389,  391 
Hamburg,  cholera  at,  141,  361 
Hampstead,  hospital  at,  199,  299, 
302 

Handholes,  246 

Hanley,  measles  at,  397,  398,  400 
Hansen  (leprosy  bacillus),  386 
Haptophore  groups,  345 
Hardness  of  water,  120 

permanent,  120 

temporary,  120 
Harmonic  mean,  499 
Hart,  Ernest,  on  milk-borne  disease, 
197, 198,  204 

on  water-borne  enteric  fever,  146 
Harz,  on  actinomyces,  350 
Hastings  beds,  152 
Havana,  yeUow  fever  in,  457 
Hawksley's  rule.  100 
Haydock  (Lancashire)  Life  Table,  490 
Hay  fever,  69 

Hay  ward,  T.  E.,  on  construction  of 

life  tables,  490,  492 
Hazel-nut,  215 

Headers,  274  ,  o„,x  n 

Health,  Board  of.  appointed,  (1831),  9 

General  Board  of  (1848),  11 
Health  of    communities,  evidence 
Qf,  487 

Heat  as  a  disinfectant,  458 
as  a  ventilating  agent,  90 
distribution  of,  40 
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Heat,  effect  of,  on  water,  100 
on  soil,  154 
latent,  41 
specific,  41 

-stroke  and  climate,  47 
Heating  by  conduction,  98 
by  convection,  98 
by  means  of  close  stoves,  99 

of  fires,  98 

of  gas  fires,  100 

of  hot  air,  100 

of  stoves,  100 

of  water  and  steam,  100, 101 
by  radiation,  98 

methods  of,  contrasted  by  Car- 
nelley,    Haldane,  and 
Anderson,  102 
of  buildings,  98 
of  conservatories,  101 
of  drying  rooms,  102 
of  schools,  286 
Perkins's  system  of,  102 
Heberden  on  angina,  410 
Hebrides,  small-pox  in,  331 
Height,  barometric  correction  for. 
22 

of  buildings,  269 
Helminthology,  312,  315 
Hempel's  gas  apparatus,  53 
Hendon  outbreak  of  scarlet  fever, 
199-202 
of  diphtheria,  204 
Herbert  Hospital,  296 
Hermite  process  of  treating  sewage, 
256 

Hesse's  tubes  for  examination  of 

bacteria  in  air,  63 
Hides,  74,  353 

dead, 353 

dry,  353 

wet,  353 

Highgate  SmaU-pox  Hospital,  299, 

437,  442 
HiU  fevers,  395 
Hilum,  215,  216 
Hime,  on  small-pox,  443 
Hippocrates,  385,  388,  401,  407 

the  Epidemics  of,  2 
Hirsch,  on  angina,  367 

on  parasites,  312 

on  puerperal  fever  and  erysipe- 
las, 379 

Hitchen,  enteric  fever  at,  145 

Hog-cholera,  342 

Home,  on  croup,  367 

Home  Office,  special  rules  for  danger- 
ous trades,  555 

Home  Secretary,  confirming  authori- 
ty under  H.  of  the  W.  C.  Act,  545 

Home  Work  (Factory  and  Workshops 
Act),  652 

Homerton  (hospital  at),  299,  302,  442 


I  Hong  Kong,  plague  in,  402 
I         double  continued  fever  in,  449 
Hope,  on  tubercle  in  milk,  206 
Hop-pickers,  housing  of,  574 
Hops,  spent,  524 
Hornblende,  149 
Hornsey,  milk  outbreak  at,  202 
Horrocks,  on  filters,  117 
Horse  dung,  156 
flesh,  189 

law  as  to  sale  of,  189,  527 
test  for,  189 
Horsehair,  manufacture  of,  70 
Horton-Smith,    on    enteric  fever 

bacilluria,  377,  378 
Hospital,  air  of,  309 

ambulances  to  be  provided,  532 
aspect  of,  296 

cubic  space  required  in,  297 
districts,  308 

Fulham,  299,  801,  302,  437,  442 
Great  Northern  Central,  310 
Hampstead,  199,  299,  302 
Homerton,  299,  302,  442 
London  Fever,  299 
ships  for  smaU-pox,  299,  303 
StockweU,  299,  302 
wards,  circular,  310 
octagonal,  310 
Hospitals,  floor  space  in,  296 
galvanised  iron,  309 
heating  of,  297 
huts  for,  299,  309 
infectious,  299—310 
Isolation,  Act,  532 
plans  of,  295,  298,  306,  307,  308 
site  of,  requirements  necessary, 
295 

tents  for,  309 

ventilation  of,  297 

warming  of,  297,  309 

window  space  in,  297 
Host,  definitive,  314 

intermediate,  314 
Hot  water,  system  of   supply  of, 
101 

H6tel  Dieu,  Paris,  296 
Houghton-le-Spriug,  enteric  fever  at, 
144 

House  drains,  245 

Household  test  for  CO  a,  59 

Houses  let  in  lodgiugs,  522,  569—572 

powers  to  make  by-laws,  522 
Housing  of  the  Working  Classes  Acts, 
544—550 

Houston,  on  bacteriology  of  sewage, 
257 

on  cholera  organism  in  soil,  159 
on  coli-likc  bacilli  in  water,  377 
on  disinfection,  468 
on  enteric  fever  bacillus  in  soil, 
160 
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Houston,  oil  lead  poisoning  by  water, 
115,  157 

on  sewage  filtration,  2()1-2G3 
Houzeau's  test  for  ozone,  61 
Howard,  John,  on  prisons,  8 
Huddersnold,  correction  for  age  and 

sex  "distribution  in,  479,  480 
Hughes,  00.  Malta  fever,  387 
Humid  factories,  552,  555 
Humidity  of  air,  33 

relative,  33 
Humoral  theory,  336 
Humphreys,  Noel,  471,  483 
Humus  of  surface  soil,  231,  232 
Hurricane,  43 

Huxhara,  on  malignant  sore  throat, 

367,410 
Hydatids,  181 
Hydraulic  mean  depth,  251 

press,  17 
Hydrocarbons,  82 

Hydrochloric  acid,  effects  of  vapour 

of,  62,  69 
Hydrogen  sulphide,  effects  of,  254 

detection  of,  in  air,  62 
in  water,  130 
Hydrometer  (/S'ec  Lactometer) 
Hydrophobia,  382 
Hydrozoa  in  water,  134 
Hygrometer,  chemical,  33 

Daniell's,  34 

dew  point,  34 

Dines',  34 

Mason's,  35 

of  absorption,  33 

of  condensation,  33 

of  evaporation,  33 

Eegnault's,  35 

Saussure's,  De,  33 

wet  and  dry  bulb,  35 
Hyperleucocytosis,  337 
Hyperpyrexia,  in  heat-stroke,  48 
Hyphomycetes,  320 
Hypothesis  of  exhaustion,  Pasteur's, 
334 


I 

ICE-CKKAM  and  enteric  fever,  197 
Iceland,  hydatid  disease  in,  181 

small-pox  in,  331 
Ichneumon,  resistant  to  snake  venom, 
337 

Igneous  rocks,  149,  152 
Illuminants,  comparison  of,  82 
Illumination,  artificial,  83 
Ilosvay's  test  for  nitrates,  128 
Immigration,  efCccts  of  upon  death- 
rate,  474 
Immune  body,  848 
imitiunity,  acquired,  337 


Immuaity,  active  method  of  produc. 
ing,  338 
artificially  induced,  335,  337 
innate,  335 
natural,  335 
of  infants,  349 

passive  method  of  producing,  342 
specific,  337 
Improvement  schemes  in  London, 
544 

Improvement.  Towns',  Clauses  Act, 
11 

Impurities  in  air,  65 

effects  of,  65—89 

in  coal-gas,  82 

in  water,  118  ct  ^eq. 
Impurity,  permissible  respiratory,  84 
Incinerator,  463 

Incubation,  periods  of,  table  of,  322 
Index  error,  21 

India,  endemic  area  of  cholera  pre- 
valence, 159 
Indian  Plague  Commission,  340,  404 
India-rubber,  manufacture  of,  62,  76 
Indigo  method  for  determination  of 

nitrates  in  water,  128  . 
Industrial  and  reformatory  schools, 
287 

Industries,  dangerous  and  unhealthy, 

552,  555 
Infantile  biliary  cirrhosis,  449 
Infantile  mortality  in  England  and 
Wales  (1850—1900),  484 
how  estimated,  475 
from  improper  feeding.  475 
from  parental  neglect,  475 
Infants,  overlaid,  476 
Infection,  312—349 

distinguished   from  contagion, 
321 

means  of  spread  of,  325 
Infectious  diseases,  dangerous  (Lon- 
don), defined.  .536 
hospitals  for,  299.  301 
hiw  relating  to,  534 
notification  of,  303,  534 — 539 
schools,  and,  289—295 
Infectious  Diseases  Notification  Act, 
535 

Prevention  Act,   463,  527, 
528,  529,  530,  633,  539 
Infectious    Diseases  (Notification) 

Extension  Act  (1899),  536 
Infirmaries,  ventilation  of,  289 
lufiuenza,  321,  383,  384 
age-incidence  of,  '136 
mortality  from,  385 
Infusori.a  in  water,  134 
Infusorial  earth  for  filters,  117 
lugrassias,  on  scarlet  fever,  409 
Inlets  for  fresh  air,  94,  96 

forvcnlilatir.il  of  drain".  248 
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Inoculable  diseases,  S21 
Inoculation  protective,  by  injectiou, 
of  toxiue,  342 
of  cultures,  the  organisms 
iu  which  have  ■  been  de- 
stroyed, 338 
of  living  virulent  virus,  338 
of    living  but  atteuuated 

virus,  338 
of   material  derived  from 
bacterial  cells,  341 
small-pox,  and,  331,  422 
Inorganic  foods,  170 
Inosite,  172 
Iiisecta,  313 
Insects,  parasitic,  313 
Inspection  chamber,  247 

of  meat,  188,  208 
Inspector,  H.M.  Chief,  of  Factories, 

67,  71,  555 
Inspector,  sanitary  QSee  Sanitary  in- 
spector) 

Institute  of  Actuaries.  H",  Table, 
489 

Institutions,  diet  of.  177 

outlying,  and  non-residents, 
effect  of,  on  death-rates, 
474 

Intakes    of    London  Water  Com- 
panies (1850),  139 
Intermediate  host,  314 
Interments  Act  (1879),  559,  560 
Interments    underneath   or  within 

churches  forbidden,  558 
Intermittent  bacterial  treatment  in 
coke  beds,  261 
downward  filtration,  258 
supply  of  water,  114 
at  Lewes,  143 ; 
at  Mountain  Ash,  144 
Internal  courts  in  buildings,  269 
International     Medical  Congress 

(1881),  197 
Intoxications,  319 
Invert  sugar,  221 
Iodine  absorption  test,  210 
as  a  disinfectant,  463 
terchloridc,  344 
Ireland,  measles  in,  396 

typhus  in, 453 
Irish  poor,  infant  mortality  in,  366 
Iron  cisterns  for  water,  113 
corrugated,  for  roofs,  309 
detection  of,  in  water,  118,  129 
in  food,  172 

magnetic  carbide,  for  filters,  117 

pipes  for  water,  115 
sewage,  246 

spongy,  for  filtration,  116 
Islington,  enteric  fever  at,  197 
Isobars,  44 

Isolation  Hospital,  small  (plan),  306 


Isolation  Hospital,  with  blocks  for 
10  beds,  307 
with  pavilion  for  12  beds,  308 
Isolation  Hospitals  Act  (1893),  308, 

503,  532;  (1901),  532 
Isolation   Hospitals  Memorandum, 
305 

Isotherms,  47 

Israel,  on  actinomyces,  350 
Italy,  cremation  in,  562 
Itch,  312 
Izal,  464 

J 

Jacob,  on  enteric  fever  at  Farn- 

combj),  145 
Japan,  river  fever  of,  449 
Jaw  affected  in  actinomyces,  351 
Ja}%  parasite  of  the,  389 
Jonner,  Edward,  7,  331,  332 

inquiry  into  the  causes  and 
effects  of  the  Variolas 
Vaccinse,  8,  424 
Jeuner,  Sir  William,  14,  375 
Jermyn-street  Museum,  152 
Jesty,  Benjamin  (cow-pox),  423 
Jews  acclimatised  over  a  large  part 

of  the  globe,  49 
Jeyes'  fluid,  464 
Jigger,  313 
Joint  felon,  184 

ill,  184 
Jordan's  barometer,  22 
Journal  of  Hyijime,  58,  457,  492 
Juniper  berries,  222 
Jurassic  system  of  rocks,  150, 151 
Jurin,  Dr.,  on  smaU-pox,  422 


Kaffirs,  pneumococcal  meningitis 

among,  360 
Kakke,  354 
Kalar-azar,  449 

Kay,  Dr.,  report  to  Poor  Law  Com- 
missioners, 9 

Kelly,  on  phthisis  in  East  Sussex,  166 

Kenwood,  on  disinfection,  468 

Keratin,  170 

Kernig's  sign,  359 

Kew  certilioalo,  27 

Kilburn,  diphtheria  iu,  204 

Kilmarnock,  small-pox  in,  332,  333, 
834 

King,  on  cancer  statistics,  356 
King's  Lynn,  enteric  fover  in,  145 
Kircher's  Contagium  Animatum,  317 
Kitasato,  on  plague  bacillus,  403 
on  tetanus,  342,  448 
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Kitchen  middens,  4 
Kjeldahl's  organic  nitrogen  process, 
124 

,  Klebs,  on  fractional  method  of  culti- 
vation, 319 
Klebs  Loffler  bacillus,  371 
Klein,  on  bacillus  enteritidis  sporo- 
genes,  208,  209 
on  bacillus  typhosus  in  oysters, 
213 

on  cholera  vibrio,  159 
on  disinfection,  468 
on  food  poisoning,  185,  186 
on  inoculation  of  bacillus  typho- 
sus in  calves,  198 
on  inoculation    of  small-pox, 
444 

on  London  waters,  136 
on  streptococcus  of  scarlet  fever, 
201,  202 

on  tubercle  bacillus  in  milk,  207 
Knacker,  72 

Koch  on  disinfection,  458 
on  anthrax,  318,  351 
on  cholera,  157 
on  filtration,  109,  185,  145 
on  isolation  of  leprosy.  386 
on  malaria,  388,  390,  392,  394 
on  malarial  parasites,  49 
on  plate  cultivation,  319 
on  tubercle,  207,  321,  451 
on  tuberculin,  341 
on  wells,  112 

Koch's  postulates,  824 

Koumiss,  191 

Krehl,  Dr.,  on  tasnia  solium,  180 
Kiibler,  Dr.,  on  horsehair,  353 
Kiichenmeister,  on  tapeworms.  181, 
315 


L 

Labouring  class,  definition  of,  546 
Labouring  Classes  Lodging  Houses 

Act,  10,  544 
Xabrador,  climate  of,  47 
Lactic  acid,  195 

fermentation,  318 
Lactometer,  190 
Lactose,  190 
Laevulose,  172 
Laking  of  blood,  339 
Zaiublia  integtinaliis,  316 
.Lamp,  formalin,  468 
Lancashire,  cotton  famine,  infant 

mortality  in,  476 
Lancaster  (measles  in),  397 
Lancet,  408 

Lancing  (enteric  fever  at),  197 
Landlord,  definition  of,  571 


Ijangdon  versus  Broadbent,  520 
Larvae  of  beetles,  134 

of  insects,  218 
Laryngitis,  in  relation  to  season.  368 
Latham,  Baldwin,  on  sewers,  252 
Latrines,  4 

Laundries,  551,  552,  555 
Laune,  De,  Memorials  of  London,  6 
Lausen,  enteric  fever  at,  144 
Lavatories  in  workshops,  555 
Laveran  (malaria  parasite),  388 
Laws,  Parry,  on  sewer  air,  254 
!  Laycock,  on  periodicity,  328 
Lazaretto,  5,  6,  299 
Lead,  action  of  water  upon,  115 
detection  of,  129 
in  cisterns,  113 
I         in  water,  115,  147 
i         pipes  lined  with  tin,  115 

poisoning  by,  in  relation  to  soil 
bacteria,  115,  157 
to  water,  108,  115 
poisoning,  chronic,  68,  485 
sheet,  for  damp  courses,  275 
works,  supervision  of,  68,  555 
Leather  making,  71,  74 
Leeches,  313 

in  drinking  water,  134 
Leeds,  dry  system  of  removal  in,  234 
Leeuwenhoek  (micro-organisms),  317 
Legge,  T.  M.,  on  ganister  disease,  67 
Legumin,  171,  214 
Leguminous  plants,  171 
Leicester,  high  diarrhcEal  mortality 
in,  161 

milk-borne  enteric  fever  at,  197 
re-vaccination  in  hospital  stafE 
j  at,  442 

I         small-pox  in,  435 
system,  446 
Lemon-juice,  177 
Leper  houses,  5,  385 
Lepra  maculo-aniESthetica,  386 
!  Lepra  tuberosa,  386 
'  Leprosy,  4,  5,  321,  324,  385—387 
hereditarj'  hypothesis,  387 
;         history  of,  385 
Lethargy,  African,  314,  419 
Leucin,  171 

Leuckart,  on  parasites,  180,  313,  315 
Leucocytosis,  337 
Levantine  plague,  5 
Leviticus,  4 

Lewes,  enteric  fever  in,  143 
Lewis,  on  tilaria  sanguinis  Jiotninis, 
814 

on  soil  temperatures,  155 
on  spirillum  isolated  from  saliva, 
862 

•on  trypanosoma  in  rats'  blood, 
816 

Lias,  150,  151 
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Liemur's  method  of  sewage  removal, 
233 

Life,  complete  expectation  of,  489 
curtate  expectation  of,  489 
expectation  of.  489 
Farr's  Euglish.  Tables,  489 
March  of  an  English  generation 

through,  477 
tables,  487 

Brighton,  492 
construction  of,  489 
English,  Farr  (I.,  II.,  and 
III.),  491 
Ogle,  491 
Tatham,  491 
Farr's  short  method  of  con- 
structing, 490 
Glasgow,  492 
Healthy  districts,  491 
London,  492 
Manchester,  492 
time,  mean  after,  489 
Lifting  pump,  18 
Light,  electric,  83 

Lighting  and  ventilation  of  stair- 
cases, 270 

Lights,  amount  of  air  consumed  by, 
83 

Lights,  artificial,  impurities  in  air 

from  candles,  gas,  oil,  83 
Lime  as  a  disinfectant,  464 

chloride  of,  as  a  disinfectant, 

463,  464 
iu  water,  129 
juice,  177 

salts  as  sewage  precipitants,  255 
Limestone,  magnesian,  152 

water  from,  147,  152 
Limestones,  150,  152 
Lime-washing  in  common  lodging- 
houses,  522 
in  factories,  552 
in  slaughter-houses,  568 
in  tenement  houses,  569 
Lime  as  a  means  of  preventing  action 

of  lead  on  water  pipes,  115 
Livmeea  truncainlata,  316 
Lind  on  scurvy,  &c.,  7,  8 
Lind's  anemometer,  42 
Linen  fibres,  40,  41,  134 
lAngvatula  caprhia,  313 
Linnaeus,  312,  317 
Linoleum  making,  76 
Lisbon,  plague  in,  6 
Lister  on  antiseptic  treatment  of 
wounds,  318 
on  rarity  of  tubercular  lesions  in 
intestines,  207 
Lithological  names,  150 
Liver-grown,  482 
Liverpool,  crematorium  in,  562 
smaU-pox  in,  435 


Liver-rot.  315 
Loam,  149,  231 

Local  authorities(&rSaaitary  author- 
ities) 

Local  Boards  of  Health,  appointment 

of  recommended,  10 
Local  Government  Act  (1888),  503, 

505 ;  (1894),  503,  504 
Local  Government  Act  Office.  13 
Local  Government  Board — 

Amending  order  relating  to 
tuberculous  disease  of 
the  udder,  578 
circular  letter  (no  relaxation 
to  be  made  in  dealing 
with  milk  fiom  cows 
with  tuberculous  ud- 
ders), 208 
circular  letter,  on  plague 

precautions.  405 
constituted  (1871),  15 
empowered  to  make  regula- 
tions    for  epidemic 
diseases,  528,  529 
inspectors  appointed  under 
Canal  Boats  Act  (1877- 
1884),  551 
Memoranda  on — 

Annual  Reports  of  Medi- 
cal Officers  of  Health 
510 

Cemeteries,  560 
Cholera  (1892),  363 
Common  Lodging 

Houses,  281 
Isolation  Hospitals,  305 
Mortuaries,  573 
Provision  and  Arrange- 
ment of  Dwellings, 
278 

Sanitary  Requirements 
of  Cemeteries,  560, 
573 

School  Closure,  289 
Slaughter  Hou.aes 
(1882),  568 
model  by-laws  of,  563 
orders  (-Str  Order) 
reports  (_Sce  Reports) 
requirements    under  Vac- 
cination Act  (1898),  447 
Scottish,  513 
Localists,  157 
Lodes,  152 

Lodging  Houses,  Common,  281 
air  in,  85 

Common,  Act  (1851-53),  10 
for  working  class,  573 
seamen's,  573 

Logsdon  viTsiis  Trotter,  521 

London  basin,  152 

bills  of  mortality,  2,  6,  425,  482 
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London  Building  Act,  266,  269,  277 

clay,  152 
County  Council  by-laws — 

for  offensive  trades,  526 
examination  of  cows  for,  206 
of  disinfectants  for,  468 
of  milk  for,  207 
minimum  space  required  in 
living  rooms  and  bed- 
rooms by,  278 
powers  under  Metropolitan 

Open  Spaces  Act,  53i 
regulations    for  seamen's 
lodging-houses,  573 
East,  cholera  in,  139 
enteric  fever  in,  190,  197 
expectation  of  life  in,  table  of, 
492 

fever  hospital.  299 
Government  Act  (1898),  504 
in  the  13th  to  the  15th  centuries, 
5 

Memorials  of, '6 

obtains  water  from  New  Eiver,  6 
offensive  trades,  law  as  to,  526 
smaE-pox  in  (1848—51),  333, 420 
South  and  cholera,  139 
South-east,  scarlet  fever  in,  202 
water  companies  in  (1850),  139 
and  cholera,  139,  141 
Londonderry,  87 
Longevity,  tests  of,  495 — 498 
Longstaff,on  conditions  of  subsoil  and 
rheumatism,  1 69 
on  deficient  rainfall,  168 
on  diphtheria,  370 
on  scarlatinal  group  of  diseases, 
412 

Studies  in  Statistics,  452 
Lord  Shaftesbury's  Act,  544 
Louis,  on  enteric  fever,  375 
Louvres,  92 

Low,  Bruce,  on  ccrebro-spiual  fever, 
358,  359,  360 

on  enteric  fever,  145 

on  plague,  402 
Lucifer  match  works,  555 
Liicilia  vMfcllaria ,  313 
Lung  disease,  dust  and,  66 
Lupuliu,  223 
Lustig's  serum,  340 
Lymphangitis,  314 
Lymph-scrotum,  314 

M 

Macaque,  ver,  313 
Macaulay,  on  the  Great  Plague,  6 
Macclcslield,  scarlatina  in,  202 
Macdougall's  powder,  465 
Madagascar,  leprosy  in,  386 
Made-gronntl,  161,  264 


Madura  foot,  321 
Magdeburg  hemispheres,  18 
Magnesian  limestone,  152 

water  from,  152 
Magnesium  in  water,  121,  130 
Magnetic  carbide,  117 
Maguire's  rule,  246 
Maidstone,  enteric  fever  at,  146 
Maize,  214,  216,  217 
Major  waves  of  disease,  330 
Malaria,  ajstivo-autumnal.  390 

benign  tertian,  390,  393 

geographical  distribution  of.  '392 

history  of,  388 

in  relation  to  climate.  47 
to  soil,  168,  395 
to  water,  147,  395 

organism  of,  317,  389 
Malarial  cachexia,  393 

diseases,  482 
Malignant  oedema  in  relation  to  soil, 
156,  326 

pustule,  70,  351 
Manchester,  addition  of  ashes  to  ex- 
creta, 234 

arsenic  in  beer,  220,  221 

back-to-back  houses,  273 

crematorium  in,  562 

milk  clauses,  578 

phthisis  notified  in,  452 

Table  of  Expectation  of  Life  in, 
492 

Manganese    oxide    as    a  filtering 

medium,  117 
Manholes,  247 

Manson,  on  benign  tertian  malaria, 
390 

on  Blackwater  fever,  395 

on  dengue,  363 

on  dysentery,  374 

on  filaria,  314 

on  malarial  fever,  147,  389 

on  mosquito  tlieory,  389 

on  parasitic  worms,  314 

on  plague,  406 

on  sleeping  sickness,  419 

on  tropical  fevers,  449 

on  yellow  fever,  456 
Manure,  farmj^ard,  524 

manufacture,  69,  75 
Maps,  Ordnance  Survey,  105 
March  of    an    English  generation 

through  life,  477 
Mare's  milk,  191 
Mares,  trypanosoma  in,  316 
Margarine,  542 

cheese,  543 

law  as  to  sale  of,  542 
Mariotte's  law.  23 

tube,  24 

Markets  and  Fairs  Clauses  Act,  11, 
527 
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Markets  and  slaughtci-houscs,  533 
Marls,  coiupositiou  of,  149 
Man'iage-rates,  473 

how  calculated,  473 
Marseille?,  cholera  at,  3(51 
Marsh  gas,  52 

Marsh's  test  for  arsenic,  129 
Marson,ou  iacubation  period  in  vac- 

ciuation,  423 
Marson's  statistics,  437,  440,  441 
Martin,  Sidney,  on  toxic  aibumoses, 

324 

on  tuberculosis.  207 
Marylebone,  Cleansing  of  Persons 

Act  in  force  in,  531 
Massachusetts,  phthisis  in,  162 

sewage  filtration  in,  260 
Mastitis,  chronic,  195,  196 
Match-lined  walls,  275 
Match-making,  68 
Mauritius,  leprosy  in,  386 

epidemic  dropsy  in,  449 
McKinnell's  ventilator,  93 
McLeod,  on  epidemic  dropsy,  449 
McVail,  on  small-pox,  331,  333,  425 

on  vaccination,  334 

on  Jurin's  statistics,  422 
Mead,  on  pestilential  contagion,  7 
Mean  after  lifetime,  487,  495 

age  at  death.  496 

age  of  the  living,  498 

arithmetic,  499 

duration  of  life  at  birth,  495 

geometric,  499 

harmonic,  499 

population,  488 

quadratic,  499 

result,  value  of  a,  500 

sea  level,  105 
Means,  499 
Measles,  396-401 

age-incidence  of,  400 

chart  of  seasonal  prevalence  of, 
.399 

desirability  of  extending  notifi- 
cation to,  .537 

dissemination  of,  401 

distribution  of,  396 

epidemics,  major  and  minor,  330 

fatality  of,  397 

history  of,  396 

infection  of,  326 

influence  of  season  in,  398,  399 

insusceptibility  of  animals  to, 
335 

periodicity  of,  396 

prevention  of,  401 

race  and,  100 
Measly  pork,  180 
Meat,  180—189 

cooking  of,  178 

discaacH  arisingfrom,  179 — 189 


Meat,  dried,  210 
foreign,  188 
frozen,  210 
inspection  of,  188 
lean,  174 

microscopical   examination  of, 
182 

poisoning  by,  326 
preservation  of,  210 
salt,  210 
tinned,  210 

tuberculous,  187,  188,  326 
uncooked,  juice,  179 
unsotind.  526 
unM-holesome,  527 
Mecca  pilgrims,  361 
Medical  Cougress,  International,  197 
officers  of  health,  annual  reports 
of,  508,  510—512 
duties  of,  506 — 512 
qualifications  of,  505 
tenure  of  ofBce  of,  505 
to   be  furnished    with  re- 
turns of  pauper  deaths, 
509 

Medical  Officer,  first  in  this  country 
(1847),  12 
of    Board   of  Health,  ap- 
pointed 1848,  12 
of  City  of  London,  12,  505 
of  the  Privy  Council,  ap- 
pointed 1858,  13 
Medical  OflScers  of  Health,  Society 

of,  202,  486 
Mediterranean  fever,  387 
Melinite,  workers  in,  69 
Meningitis,  epidemic  cerebro-spinaL 
358 

posterior  basic,  359 
tubercular,  450 
Meningococcus,  359 
Merchant  Shipping  Act  (1867),  14 ; 

(1894),  573 
Mercurial  poisoning,  68 
Mercurial  poisoning  to  be  notified, 
555 

Mercuric  chloride  as  a  disinfectant, 
464 

Mercury,  use  of,  in  trades,  68 
Mesozoic,  150 

Metamorphic  rocks,  149.  150 
Metchuikoll,  on  cytotoxines,  348 

on  phagocytosis,  335,  336 
Meteorology,  43 — 47 
Meteorological  charts,  44 
Meter,  waste-water.  114 
Metford,  pork-])ie  poisoning  at,  186 
Methods,  statistical,  499 
Methyl-aldcliydo.  467 
Methyl-phenol,  4(i4 
Metropolis  Local  Management  Act 
(1855),  516 
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Metropolis  Water  Act  (1852),  140 
Metropolitan  Association  of  M.  0.  H., 
attempt    made  to 
obtain    records  of 
sickness,  486 
Asylums   Board,  299, 
301,  303,   304.  309, 
411,  413,   416.  505 
Board  of  Works,  504 
sewage  outfalls,  261 
Miasmatic  diseases,  321,  482 
Mica,  149 
Mica-flap,  250 

Mice,  m  relation  to  plague,  402 

Sarcocystis  MiesoJieri  in,  317 
Michigan,  cheese  poisoning  in,  210 
Microbes,  317 
Micrococcus  viclitensis,  388 
Micro-organisms  in  air,  63 

in  infectious  disease,  320 

in  milk,  195 

in  sewers,  254 

in  soil,  155 

in  water,  135 
Microphone,  114 
Microsporon  furfur,  320 
Midden  privy  system,  161.  230,  233 
Middlesbrough,  pneumonia  at.  186, 
406,  407 

Middletown  (Connecticut),  enteric 

fever  at,  211 
Mile-end  Infirmary,  small-pox  at,  442 
Milk,  adulterations  of,  191—193 
in  relation  to  cholera,  205 
to  diarrhoea,  208 
to  diphtheria,  204,  205,  371 
to  enteric  fever,  197 
to  scarlet  fever,  325 
to  tuberculosis,  187,  578 
as  a  culture  medium,  195 
boiling  of,  374,  379,  419 
condensed,  194 
contamination  of,  195,  196 
cow's,  174 

epidemics,  peculiarities  of,  205 
estimation  of  fat  in,  191 

of  total  solids  in,  191 
from  asses,  191 
from  diseased  cows,  187,  578 
from  goats,  191 
from  mares,  191 
human,  174,  190,  191 
law  relating  to,  193. 530, 539. 542, 
543,  577 

may  be  sampled  in  course  of 

delivery,  542 
powers  of  sanitary  authority  to 

control  supply  of,  580, 

577,  578 
preservatives  in,  193 
preserved,  fat  in,  194 
Milk,  Sale  of,  Regulations  (1901),  193 


Milk  Shops  Orders,  577 

skimmed,  solids  in,  193 
sour,  196 

storage  of,  204,  577 
supplies,  539 

variations  in  composition  of.  191 
Millbank  Penitentiary.  138,  874 
Millboard  coifins,  562 
Millstone  grit,  151,  152 
Milroy  Lectures,  279,  330,  408 
Mineral  salts  as  food  material,  1 70 
Miners,  mortality  among,  66,  486 
Mines,  air  of,  77 

ventilation  of,  96 
Minor  cycles  of  disease,  380 
Miocene,  151,  152 

Miquel's  observations  on  bacteria  in 
air,  64 

Mitchell  and  Buchan's  method.  328. 

399,  499 
Mites.  313 

Model  By-laws  of  L.G.B.— 
Cemeteries,  573 
Common  lodging-houses,  566 
Hop-pickers  and  fruit-pickers, 
574 

Houses  let  in  lodgings  or  oc- 
cupied by  members  of 
more  than  one  family, 
569—572 

Markets,  568 

Mortuaries,  573 

New  streets  and  buildings,  567 
OfEensive  trades,  71,  76,  574 
Prevention  of  nuisances,  566 
Private  scavenging,  565 

slaughter-houses,  568 
Public  slaughter-houses,  575 
Tents  and  vans.  574 

Model  Regulations   under  Dairies, 
etc..  Orders,  579 

Moeller,  on  acid-fast  bacilli,  321 

Mohair,  Van,  353 

Molasses,  222 

Mollmcum  contagiomm,  3,17 

MoncriefE,  Scott!  260 

Montagu,  Lady  Mary  Wortley.  331 

Montgolfier's  formula,  39 

Moos,  on    seasonal    prevalence  of 

plague,  404 
Morbus  strangulatorius,  367 
Morrell,  cinder-sifting  closet,  234 
Mortality,  bills  of,  2,  6,  425,  482 
causes  of,  481 

comparative,  figure,  480,  485 
in     relation    to     back- to-back 
houses,  272 
to  birth-rates,  476 
to  density  of  population, 

271,  272 
to  occupation,  485 
-rates,  470 
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Morton,  on  dysentery,  37i 

on  scarlet  fever,  409 
Mortuaries,  law  as  to,  532,  533,  563, 
573 

Mosaic  code,  4,  312 

Mosquito,  169,  313,  326,  388.  389,390, 

391,  392,  394,  457 
Mott,  on  colitis,  374 
Moulds,  320 
in  air,  65 

Moule,  Rev.  Henry  (earth  closets),  229 
Mountain  Ash,  enteric  fever  at,  144 
Mountain  sickness,  23 
Muco-enteritis,  365 
Mucor  muccdo,  218 
Mumps,  324,  326,  401 

incubation  of,  401 
Municipal  Corporations  Act,  9 
Muntz,  on  nitrification,  156,  260 
Murchison,  on  typhus  fever,  453, 454 
Murphy,  Shirley  F. — 

on  altered  age-incidence  of  diph- 
theria, 292,  369 

on  "August  holiday  depression  " 
in  curve  of  notifications, 
293 

on  death-rates  from  diphtheria 
before  and  after  intro- 
duction of  antitoxine, 
411 

on  diari'hoea  caused  by  butter,  210 
on  diphtheria  in  schools,  292 — 
294 

on  enteric  fever  prevalence  after 
exceptional  floods,  110 

on  seasonal  variations  in  diph- 
theria and  scarlet  fever, 
370 

on  seasonal  curve  of — 

diphtheria  in  London,  369 
enteric  fever  in  London,  376 
measles  in  London,  399 
scarlet  fever  in  London,  413 
smaU-pox  in  London,  421 
whooping-cough  in  London. 
454 

on  smaU-pox  in  St.  Pancras,  302 
MiiHca  vomitoria,  313 
Muscardine  disease,  318,  320 
Mussel  poisoning,  213 
Muzzling  order,  383 
Myddelton,  Sir  Hugh,  6 
Myiasis,  313 
Myopia,  285 
Mytilotoxinc,  214 

N 

Naphtha,  69 

petroleum,  193 
Naphthylamine,  128 


Nasha  fever,  449 
Native  albumens,  171 
Natural  immunity,  335 

inheritance,  Galton,  501 
ventilation,  91 
Navy,  smaU-pox  statistics  in,  442 
Necrosis  of  the  jaw  in  phosphorus 

poisoning,  68 
Negroes  and  cholera,  361 
Nemathehninthes,  313,  315 
JSfcmatoda,  313,  314 
Neocomian  system  of  rocks,  150,  151 
Nessler's  reagent,  60,  123 
Netley,  Army  Medical  School  esta- 
blished at,  12 
Nettleship,  on  ophthalmia  in  pauper 

schools,  287 
Neiiritis,  alcoholic,  223 
arsenical,  221 
multiple,  354 
Newman,  on  cheese  poisoning,  210 
Newport,  enteric  fever  in,  146 
Newsholme,  on  Brighton  life-table, 
490,  492,  494 
on  decrease  in  birth-rate,  473 
on  decreased  infantile  mortality 
during  Lancashire  cot- 
ton famine,  476 
diiring  siege  of  Paris,  475 
on  enteric  fever  from  mussels,  213 
on  epidemic  diphtheria,  412 
on  density  of  population,  272 
on  isolation  in  scarlet  fever,  415 
on  life-tables,  498 
on  notification  of  sickness,  487, 
537 

on  notification  of  measles,  537 
on  notification  of  phthisis  in 

Brighton,  539 
on  phthisis,  451 

on  rainfall  and  disease,  161,  168, 

365,  369,  408 
on  rheumatic  fever,  408 
on  statistics  of  Scottish  Widows' 

Office,  356 
on  vital  statistics  of  Pcabody 
Buildings,  271 
Ncwsholme's   "  Elements  of  Vital 

Statistics,"  479,  482 
New  Caledonia,  leprosy  in,  386 
New  Guinea,  malarial  parasite  in,  394 
New  Orleans,  yellow  fever  in,  456 
New  River,  6 

New  streets  and  buildings,  268,  567 
Nerv  Sydenham  Socivfi/\i  Tranmotions, 
499 

New  York,  phthisis  regulations  in, 
452,  539 

New  Zealand,  small-pox  in,  420 
Nicolaior,  on  tetanus,  443 
Nightingale's  (Miss)  "  Notes  on  Hos- 
pitals," 12 
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Nineveli,  4 

Nitrates  in  water,  how  determined, 

123,  126,  127 
Nitric  acid  in  air,  55 

oxide  in  water,  130 
Nitrification  in  soil,  156 
Nitrites  in  water,  127 
Nitro-benzine,  69 
Nitrogen  in  air,  50 

in  food,  176 

in  rain-water,  126 

in  soil,  154 

in  water,  126 
Nitrous  acid  QSce  Nitrites) 
Niven,  J.,  on  back-to-back  houses. 
273 

on  multiple  invasions  of  houses, 
357 

on  notification  of  phthisis,  539 
on  phthisis  in  Manchester  com- 
mon lodging-houses,  89 
on  return  cases,  417 
on  small-pox  in  Oldham,  302 

Nocard,  on  glanders,  381 

Noma,  368 

Nomenclature  of  diseases,  Eoyal 
College  of  Physicians,  London,  2, 
482 

Norway,  cremation  in,  563 

leprosy  in,  386,  387 
Notification  of  infectious  diseases, 
301,  303,  534 
compulsory,  in  London,  303, 

535 
duty  of,  535 

extended  to  England  and 
Wales  (1899),  535 

of  measles,  537 

of  phthisis,  452,  538,  539  _ 
Nottingham,  poisoning  from  pork  in, 
186 

scarlet  fever  nptifications  in,  412 
Nuisances,  definition  of,  522 
extended,  14,  523 
first    English   general  statute 

against,  5 
inspectors  of,  512 — 515 
law  relating  to,  J522 — 525 
procedure  in  case  of  default,  525 
Removal  and  Diseases  Preven- 
tion Act  (1816),  11 
amended  (1848),  12 
Amendment  Act  (1863),  13 
Nutritive  value  of  food  stuffs.  172 
Nuts,  214 

o 

Oakley,  cercbro-spinal  fever  in,  358 
Oatmeal,  174 
Oat  starch.  217 


Oats,  214,  216.  217 
Occupation,  Diseases  of,  8 

and  mortality,  485 
Occupational  groups,  485 
Oahromyia  anthropophnfia.  313 
Odyssey,  account    of  disinfection 

given  in,  3 
GEdema,  malignant.  156,  208 
U'Jstrvs  liominis,  313 
Offal,  disposal  of,  227 
Offensive  gases  from  trades,  71 
trades,  71—78,  525,  574 

by  -  laws  with  respect  '  to. 

526 
classified,  72 

law  as  to  nuisance  from.  71 
Ogle,  on  density  of  population  and 
death-rates.  271 
on  inaccuracies  in  age  returns. 
471 

on  overlaid  infants,  476 
on  occupation  and  mortality,  185. 
486 

Oidium  lactis,  320 

Oil,  amount  of  air  needed  for  com- 
bustion of,  83 
impurities  yielded  by,  on  com- 
bustion, 83 
of  peppermint,  250 
olive,  214 
Oily  seeds,  215 

Oldham,  poisoning  by  tinned  pigs' 
tongues  at,  185 
small-pox  in,  302 
Oleic  acid,  171 
Oleo-marijarine,  542 
Oocysts.  317 
Oolite,  150.  151 

water  from,  112 
Open  space  about  buildings,  265' 
Open    Spaces    Act.  Metropolitan 
(1887-1891).    534,  559, 
560 

Open  spaces  (London),  272 

parks,  and  coranious,  534 
Ophthalmia,  179,  286,  28S 
Oporto,  plague  in,  403 
Orchitis.  381 
Order,  Closing,  524,  549 
appeal  from,  524 
Demolition,  549 
Orders  of  the  Local  Government 
Board — 
Cholera,    yellow     fever,  aiid 

pl.aguc,  105.  529 
Dairies,  cowsheds,  etc.,  577 
Grimsby  and  Clcethorjies,  361 
"Workhouse  dietaries.  177 
Ordnance  Survcj'  maps,  105 
Ordovician  system  of  rock?,  151 
Organic  foods,  170 

matter  in  air.  59,  86 
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Organic  matter  in  water,  determined 
by- 
Combustion  process,  122 
Forchammer's  process,  125 
Kjeldahl's  process,  121 
Waiiklyu's  process,  123 
rocks,  150 
Organisms,  parasitic,  325 

saprophytic,  325 
Origin  and  action  of  antitoxine,  341 
Osier,  on  cerebro-spiual  meningitis, 

358,  359,  360 
Osier's  anemometer,  42 
Ossett,  smaU-pox  hospital  at,  303 
Outlying  institutions  and  non-resi- 
dents, eifect  of.  on  death-rates,  474 
Overcrowding,  as  a  nuisance,  522 
definition  of,  in  factories,  553 
enactments  against,  6 
Overtime,  hours  of  employment,  552 
Oxalic  acid,  manufacture  of,  76 
Oxide  of  manganese  in  filters,  117 
Oxidisable  matter  in  aii-,  59 

in  water,  125 
Oxygen  in  air,  50 

dissolved  in  water,  estimation 

of,  130 
in  soil,  154 
Oxyuris  rermioularis,  147,  313 
Ozone,  definition  of,  61 
Houzeau's  test  for,  (>1 
Schonbeiu's  test  for,  61 
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Paak,  on  food  poisoning,  186 

Page,  on  enteric  fever  at  Houghton- 

le-Spring,  144 
Paget,  Mr.  C.  B.,  on  cubic  space  in 

schools,  285, 286 
Paine,  on  rheumatic  fever,  408 
Palaeozoic,  150,  151 
Palmitic  acid,  171 
Pandemic  diseases,  327 
Paper-making  as  an  offensive  trade, 

76 

Paper  pulp  coffins,  562 
Paraformaldehyde,  468 
Paraguay,  plague  in,  403 
Paramoecium,  134 
Parasites,  179—183,  312—321 

facultative,  325 

obligatory,  325 
Parasitic  diseases,  482 

in  relation  to  water,  147 

forms,  higher,  312 

organisniH,  324 
Parictti's  method,  135 
Paris,  air  of  sewcra,  in,  255 


Paris,  cholera  in,  361 
disinfection  in,  466 
infant  mortality  during  siege  of 
475 

measles  during  siege  of,  397 
old  hospital  in,  296 
sewage  farms,  259 
small-pox  in,  442 
treatment  of  cesspool  sediment 
in,  234 

Parish  councils,  504 

sanitary  powers  of,  504 
Parkes'  estimate  of  quantity  of  water 
for  domestic  use,  107 

on  decay  of  organic  matter,  265 

on  high  European  mortality  in 
tropical  climates,  50 
Parks  and  open  spaces,  534 
Parrots,  psittacosis  in,  186 
Parsons,  on  disinfection,  458, 459,  460 

on  influenza,  384, 
Party  walls,  276 
Pascal's  principle,  17,  19 
Passeyy.  Oxford  Local  Board,  71 
Passive     method     of  producing 

immunity,  342 
Pasteur-Chamberland  filter,  117  ' 
Pasteur,  chemical  investigations,  15 

hypothesis  of  exhaustion  of,  334 

Institute,  383 

on  anthrax,  338,  352 

on  fowl  cholera,  338 

on  hydrophobia,  383 

on  lactic  acid  fermentation,  318 

on  microbes,  317 
Pasteurisation  of  milk,  179,  196 
Pavilion  hospitals,  307 
Peabody  Euildiugs,  271 
Pea  flour,  dry,  174 
Peanuts,  215 

Pearson,  on  vaccination,  424 
Pearson,  Karl,  on  correlation,  501, 
502 

Peas,  215,216 

tinned.  194,  210 
Peat,  150,  151 
Peaty  water,  157 
Piibrinc  disease,  317 
"  Pelt,"  74 
Pitiiiiiilliwm,,  218 
Penrith,  enteric  fever  at,  197 

phthisis  at,  163 

scarlet  fever  at.  198 
Pentastomes,  313,  315 
Peniaxtomum  comtriol iiin,  313 

denUaiilatwm,  313 
Peptone,  171 

Perchloride  of  mercury.  464 
Periodicity  in  disease,  328 
Peripheral  neuritis,  221 
Perithccia,  219 
Pcritoiiitis,  183,  407 
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Perkins'  system,  102 
Permanent  hardness  of  water,  120 
Permanganate  of  potassium  as  a  dis- 
infectant, 463 
Permian  system  of  rocks,  150,  151 
Persia,  plague  in,  402 

small-pox  in,  420 

typhus  in, 453 
Pestis  amhulans,  405 

minor,  405 

siderans,  405 
Petechial  fever,  359 
Petri  dishes,  64 

Petri-Kabinowitch    butter  bacillus, 
321 

Pettenkofer,  on  cholera,  157,  159 
Pettenkofer's  method  of  estimating 
COn  in  soil,  154 
CO2  in  water,  133 
PfeifEer,  E.,  on  cholera,  338 

on  double  cycle  in  malarial 

parasite,  388 
on  influenza,  385 
PfeifEer's  phenomenon,  848,  378 
Phenol-phthalein,  57 

sulphuric  acid  for  estimating 
nitrates,  127 
Phenols,  194,  464 
•  Philosophical  Transactions,  501,  502 
Phlyctenules  in  plague,  404 
Phosphate  of  lime,  172 
of  potassium,  172 
of  sodium,  172 
Phosphates  in  water,  116,  130 
Phosphorus  in  drain-testing,  251 
in  fish,  189 

poisoning  to  be  notified,  555 
use  of,  in  the  manufactures,  68 
Phthisis  among  ganister  miners,  67 
among  miners,  66,  486 
among  negroes,  50 
decrease  of,  in  relation  to  drying 

of  subsoil,  163 
in  animals,  89 

in  common  lodging-houses,  89 
in  Peabody  Buildings,  271 
in  relation  to  air-vitiation,  88 
back-to-back  houses,  88,  273 
dust  in  the  air,  66 
food, 179 
meat,  180 
milk,  205—207 
soil,  162—165 
notification  of,  452,  537 
rate  in  army  reduced,  88 
regulations  in  New  York,  452 
temperate  climates  and,  49 
tubercular,  450 — 452 
Physicians,  Pvoyal  College  of,  2,  5, 

365,  418,  424,  482,  537 
Pictcrmaritzburg  (enteric  fever 
in  relation  to  milk),  198 


Pigeons,  371,  389 

Pig-keeping,  nuisance  from,  72 

Pigs'  tongues,  tinned,  185 

Pike,  larval  form  of  tape-worm  in,  181 

Pink-eye,  385 

Pinnotheres  pi xvm.  214 

Pipes,  block-tin,  115 

cast-iron.  246 

drain,  fall  of,  246 

earthenware,  245 

gradient  of,  246 

half -channel,  247 

iron,  115 

lead.  115 

pufE,  242 

soil,  245 

stoneware,  245 

taper,  248' 
Pirbright,  diphtheria  at,  289 
Pityriasis  versicolor,  320 
Plague,  324,  402—406 

bacillus.  403 

bubonic,  405 

Defoe's  Journal  of  the,  7 

geographical  distribution  of.  402 

Great,  the,  6,  402 

history  of,  402 

Indian  Commission  on,  340 

inoculation  of,  by  fleas,  404 

made  notifiable  by    order  of 
L.G.B.  (1901),  530 

of  Justinian,  402 

pneumonic,  405 

precautions  against,  in  Eliza- 
beth's reign,  6 
in  James  I.'s  reign,  6 

prevention  of,  405 

regulations  as  to,  529 

seasonal  influence  in,  404 

septiciBmic,  405 
Plagues  of  Egypt,  312 
Plasmodium  malariie,  388 
Plate  cultures,  319 
Platyhelminthrs,  315 
Pleistocene  system  of  rocks,  151,  152 
Pleuro-pneumonia,  183 
Plimmer,  on  yeasts,  320 
Pliocene  system  of  rocks,  151,  152 
Plumbism,  115 

Plymouth  obtains  powers  for  public 
water  supply,  6 

enteric  fever  in,  197 
Pneumatic  method  of  sewage  dis- 
posal, 233 

test  for  drains,  250 
Pneumonia,  406 

antitoxic  serum  treatment  in, 3-12 

at  Middlcsborough,  186 

Pmiimococcvs  fanreolotiis  in;  360 
Poisoning,  arsenical.  68,  555 

from  butter,  210 

cheese,  210 
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Poisoning,  fish.  190 

meat,  180,  185,  186,  326 
mercury,  68.  555 
phosphorus,  68,  555 
sewer  air.  254 
shell  fish,  213 
Poisson's  formula,  500 
Polarite  as  a  filtering  medium,  116 

as  a  sewage  precipitant,  256 
Police,  chief  officer  of,  14 

Commissioners     and  common 

lodging-houses,  519 
Towns,  Clauses  Act  (1847),  11 
Polleuder  on  anthrax  bacillus,  351 
Pollution  of  water  supplies,  259,  566 
Polyps,  fresh  water,  134 
Ponos,  449 

Poolbeg  Lighthouse,  Dublin  Bay,  106 
Poore,  G.  V.,  on  living  humus,  231 

on  ventilation  of  dwellings,  280 
Poor  Law    authorities  administer 

Vaccination  Act,  448 
Population,  age  and  sex  distribution 
of,  477 
density  of,  271 
estimation  of,  472 
labouring,  sanitary  condition  of 
the,  of  Great  Britain,  10 
standard.  485 
Pork,  174,  178 
measly,  180 
poisoning  by,  185,  186 
Porter  Clark  process  for  softening 

water,  116 
Portland  cement  manufacture,  68 
Port  sanitary  authorities,  506,  529 
Portsmouth,  food  poisoning  at,  186 
Port  wine,  222 

Post-mortem  examinations,  place  to 

be  provided  for,  538,  574 
Post-scarlatinal  diphtheria,  372 
Postulates,  Koch's,  324 
Potassium  permanganate  process  in 
analysis  of  air,  59 
in  analysis  of  water,  125 
Potatoes,  174,  216 

Potential  energy  of  the  food  stuffs, 
173 

Potters'  asthma,  66 
Poudrette,  234 

Power,  W.  H.,  on  aerial  diffusion  of 
small-pox,  300,  301,  302, 
421,  446 
on  cholera.  158 

on  cow-maladies  in  relation  to 
human  disease,  198,  200, 
204 

on  diphtheria  and  milk,  204,  205 

and  schools,  289 
on  enteric  fever,  145 
on  enteric  fever  and  milk,  198 
on  scarlet  fever  and  milk,  198-204 


Power,  W.  H.,  on  solvent  properties 
of  water  in  relation   to  lead 
poisoning,  115 
Poynton,  on  rheumatic  fever,  408 
Precipitation  of  sewage,  255 
Preservation  of  meat,  210 

of  milk,  193,  210 
Preserved  foods,  210 
Pressure,  distribution  of  barometric, 

chart  of,  44 
Prevalences  of  disease,  major  and 

minor,  329—331 
Prevention  of  anthrax,  353 

of  cholera,  362 

of  dampness,  274 

of  diarrhoea,  366 

of  diphtheria,  373,  374 

of  dysentery,  375 

of  enteric  fever,  232,  379 

of  erysipelas,  380 

of  glanders,  381 

of  hydrophobia,  383 

of  influenza,  385 

of  leprosy,  387 

of  malaria,  393,  394 

of  measles,  401 

of  plague,  405,  406 

of  relapsing  fever,  408 

of  scarlet  fever,  414,  419 

of  small-pox,  422 — 447 

of  spread  of  infection  from  ships, 
529 

of  tuberculosis,  451 
of  typhus  fever,  454 
of  whooping-cough,  455 
of  yellow  fever,  457 
Preventive  medicine,  Fathers  of,  7 
Pringle,  on  diseases  of  the  army,  7 
Prisons,  reform  of,  9 

typhus  fever  in,  8 
Private  scavenging,  563,  565 
Privy,  230,  233 

sanitary  law  relating  to,  517 
Privy  Council,  13,  529,  577 
Probability  of  living  one  year.  488 
Probable  duration  of  life,  496 

error,  500 
Products  of  bacterial  growth,  323 
Prohibition  of  the  supply  of  infected 

milk,  530 
Propulsion,  ventilation  by,  96 
Proskauer   and    Capaldi's  culture 

medium,  378 
Protection  antl  immunity,  331 
Proteids,  170,  185,  214,  319 
nutritive  value  of,  170 
Proteins,  324 
Proteosoma,  389 
Proteus,  sewage,  262 
Protosulphate  of  iron,  255 
Protozoa,  parasitic,  312,  316,  317 
Provisional  Order,  546 
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Prudential  Insurance  Company  of 

America,  451 
Prussian  Army,  vaccination  in  the, 
442 

Government,  commission  ap- 
pointed by,  to  inquire 
as  to  dead  on  battle- 
fields, 562 

Pseudopodia,  316 

Psilosis  linguae,  449 
and  climate,  47 

Psittacosis,  186 

Psorospermosis,  317 

Psorosperms,  183 

Psychrometer,  x\ugust'p,  35 

Ptomaines,  185,  214,  324 

Public  Health  Act  (1848),  11,  557 
(1872),  15 

(1875),  71,304,  515-539 
Public  Health  (London)  Act  (1891), 

76,  303,  504,  535,  574 
Public  Health  Acts  Amendment  Act 

(1890),  517,  539 
Public  Health  Act  (1896),  repealed 

Quarantine  Act  (1825),  529  ! 
Public  Health  (Scot' and)  Act  (1897)— 
common  lodging-houses,  520  i 
milk,  531  ; 
nuisances,  523 
Pithlic  Health,  210,  368,  415 
Public  conveniences,  powers  to  make 
by-laws,  564 
conveyances,  powers   to  make 

by-laws,  564 
recreation  grounds,  powers  to 

make  by-laws,  564 
slaughter-houses,  powers  to  make 
by-laws,  564 
Puccini  a  graminis,  218 
Puer,  74 

Puerperal  fever,  79,  168,  407 

and  erysipelas,  379,  537 
PufE  pipe,  242 
Pugging,  277  ■ 
Pvlex  penetrans,  313 
Pulmonary  disease,  88.  273,  278 
Pump,  Broad  Street,  138 

lifting,  18 
Pupas  of  insects,  134 
Purchase,  compulsory,  compensation 
for.  547 

Purification  of  air  by  gaseous  disin-- 

fectants,  465 
of  sewage,  255  ct  Hcq. 
of  water   by  Clark's  process, 

116 

by  Porter-Clark  process,  116 
Pus  in  milk,  195 
Pya2mia,  324,  -107,  537 
Pyrogallic  acid,  55,  64 

process,  53 
Pyrogoma  biffcmitium,  317,  392 


Q 

QuADEATiC  mean,  499 
Quantitative  chemical  examination 

of  water,  127 
bacteriological  examination  of 

water,  135 
Quarantine  regulations,  early.  6,  11 

Act  (1825),  repealed,  529 
Quarry  Fencing  Act  (1887),  523 
Quartz,  149 
Quartzites,  150 
Quaternary,  151 

Quincke  (lumbar  puncture),  359 
Quinine,  394,  395,  449 
Quinoline.  464 
Quinsy,  368 


R 


Rabies,  382 

Eadiation  of  heat,  40,  41 
Eadicke  on  arithmetic  means,  499 
Rag  and  bone  merchant,  71 
Rags,   importation    of,  forbidden 
530 

Raineys  capsules,  183 

Rainfall  and  diphtheria,  168 
and  erysipelas,  168 
and  puerperal  fever,  168 
and  rheumatism,  168 
and  scarlet  fever,  168 
influence  on  COj  in  soil,  154 

Rain  gauge,  104 
-water,  107 
pipes,  239 

Raking-arm.  247 

Ransom's     self -regulating  hot-air 

apparatus,  460 
Ransome,  Dr.,  on  epidemic  waves,  329 
on  measles  in  Sweden,  329,  396 
on  probable  error,  500 
on  smaU-pox  in  Sweden,  329 
Rates,  birth-,  how  calculated,  4  70 
death-,  quarterly,  470 

weekly,  how  calculated.  4/0 
sickness,  486 
Ratio  of  annual  increase,  472_ 
decennial  increase,  472 
quarterly  increase.  472 
Rats  in  connection  with  plague.  32.5 
Order  of  the  L.G.B.  dealing  with, 
in  vessels  from  plague- 
infected  ports,  530 
Rattonc,  on  tetanus.  448 
Ray  fungus.  350 
Reading  beds,  152 
R6auniitr  scale,  26 
Recent  rocks,  151  . 
Receptacles,  dung,  cleansing  of,  ahb 
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Reek's  disinfector,  462 
Redia  stage,  315 

Red  Sea,  eholera  spreading  from,  361 
Red  water  fever,  396 
Redditch,  needle-making  at,  67 
Reed,  on  yellow  fever,  457 
Refuse,  collection,  removal,  and  dis- 
posal of,  224 

house,  composition  of,  224 
Regent  Road,  sub-district,  Salford, 

back-to-back  houses  in,  272 
Register  of  workshops  to  be  kept, 

557 

Register,  General,  Office  established,  9 
Registrar-General,  annual  summary 
(1883),  478 
disease  nomenclature  of,  482 
enteric    fever    deaths  distin- 
guished by  (1869),  375 
quarterly  returns,  14 
Registration    Act,  weekly  returns, 
births  and  deaths,  509 
of  births.  473 

of  deaths,  England  (1837).  427 
Ireland  (1864),  427 
Scotland  (1855),  427 
Regnault,  on  vapour  pressures,  32 
Regulations  as  to  cholera.  yeUow 
fever,  and  plague  (1896). 
529 

as  to  cholera  (1893),  530 
as  to  sale  of  milk  (1901),  193 
under  D.C.,  etc.,  Orders,  579 
Regxdator,  tellows-,  242 
Rehousing,  provision  for,  546,  548 
Reid,  Dr.  George  (infant  mortality 

in  potteries),  475 
Reinsch's  test  for  arsenic  in  water, 
129 

Relapsing  fever.  324,  325,  407 
Relative  humidity,  33 
Remittent  fever,  bilious,  395 
Removal  of  excreta,  224 
Report,  Annual,   of    the  Medical 
Officer   of    the  Privy 
Council     and  Local 
Government  Board — 
Plague  (No.  VII.  New  Series).  402 
Report  (1896),  Statistical  Committee 
of     the  Metropolitan 
Asylums  Board,  372 
on  Ophthalmia  in  Metropolitan 

Pauper  Schools,  287 
on  ventilation  and  warming  of 

Poor  Law  schools,  288 
to  Board  of  Health  on  London 
cholera  c  p  i  d  e  m  ics 
(Simon).  13 
to  Board  of  Health,  papers  relat- 
ing to  tlie  sanitary  state 
of  the  people  of  England 
(Dr.  Greenhow),  13 


Reports,  Annual,  of  H.M.  Chief  In- 
spector   of  factories 

(1899)  ,  353 

(1900)  ,  67,  353 
Reports,  Annual,    of  the  Medical 

Officer  of   the  County 

of  London — 
Diphtheria  (2nd  and  6th,  1893, 

1897),  292,  293 
Enteric  Fever  in  London  (3rd, 
1894),  110 
Reports,  Annual,  of   the  Medical 

Officer    of    the  Local 

Government  Board — 
Back  to  Back  Houses,  issued 

separately  (1888),  273 
Cerebro-spinal  Fever  (20th,  2l8t, 

and  24th),  358 
Diarrhoea  and  Diphtheria,  issued 

separately  (1887),  365 
Effluvium  Nuisances  (6th,  7th, 

and8th),  71— 78 
Epidemic  Skin  Disease  (23rd  and 

25th),  197 
Food  Poisoning  (10th,  11th,  18th, 

and  20th),  185,  186 
Infectious    Diseases  Hospitals 

(10th),  304 
Measles,  Control  of  (24th),  538 
Oyster  Culture   (suppt.  24th), 

213 

Scarlet  Fever,  Return  .cases  of 

(24th),  416 
Scarlet  Fever,   Bacteriology  of 

(27th,  28  th,  29th),  203 
SmaU-pox  (14th),  301.333 
Small-pox  (loth),. SOI 
Small-pox  (16th),  302 
Reports,  Annual,  of  the  Medical  Officer 
of  the  Privy  Council — 
Arsenical  Industries  (5th).  68 
Cholera  (9th),  141 
Match-making  (5th),  68 
Soil  in  Relation  to  Phthisis  (9tli 
and  10th),  162  • 
Reports,  Annual,  of  the  Registrar - 
General — 
1st,  5,  470 

Age  -  incidence  of  small  -  pox 
(43rd),  428 

Cancer  (suppt.  to  55th),  356 

Cholera  (29th),  141 

Cholera  (1848-49;  issued  sepa- 
rately), 189 

Croup  (60th),  368 

Infantile  mortality  (54th),  475 

Mortali ty  and  density  (35 th) ,  2 7 1 

Multiple  cases  of  cancer  (52nd), 
357 

Occupation  (supplements to35th. 

45th,  and  55th),  185 
Overlaid  infants  (53rd),  476 
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Reports,  Annual,  of  the  Registrar - 
General — 
Pyaemia,  etc.,  in  women  of  child- 
bearing  age  (44th),  407 
Scarlet  fever  (49th),  413 
Small-pox  in  healthy  districts 
(suppt.  to  35th),  435 
Reports  of  Commissioners  on  Sanitary 
Condition  of  Barracks 
and  Hospitals  (1861),  12 
of  Poor  Law  Commissioners,  9, 10 
of  Royal  Commission  on  Ar- 
senic in  Beer  (1901),  220 
of  Royal  Commission  on  Plague 

(1901),  404 
of  Royal  Commissions  on  Tuber- 
culosis, 187,  188 
of  Royal  Commission  on  Vacci- 
nation,  424,   426,  428, 
429.  431.  433,  435,  437, 
440,  441,  443,  444,  445. 
446,  447,  502 
Reservoirs  for  water  supply,  109 
Respiration,  air  vitiated  by,  83 — 87 

effects  of,  87 
Respiratory  diseases  due  to  dust,  65, 
67 

of  miners,  66 

temperate  climates  and,  49 
impurity,  permissible,  84 
Retention,  theory  of,  334 
Retting  of  flax,  76 

Revaccination,  compulsory,  in  Prus- 
sia since  1874,  442 
statistics     of    hospital  staffs, 
nurses,  etc.,  441 — 443 

Reyaolds,  on  arsenic  in  beer,  220 

Jlhahdonema  intestinalc,  314 

Rhazes,  4,  419 

Rheumatic  fever,  408,  482 

diplococcus  isolated  in  cases 
of,  408 

Rheumatism  and  climate,  47 

in  temperate  climates,  49 
Rhus  toxicodendron,  196 
Rice,  174,  216,  217 

Richardson,  Sir   B.  W.,  on  air  of 

small-pox  hospitals.  309 
llicin,  342,  347,  349 
Rickets  in  relation  to  water,  147 
Right  of  entry,  524,  570 
Rinderpest.  184 
Ringworm,  288,  320 
Rivers  authority,  supreme,  263 
discharge  of  sewage  into.  257 
Pollution  Act  (1876),  15,  503,516 
Commissioners,  108. 122,  227, 
256,  258,  261 
Rivers  as  source  of  water  supply,  108 
Roasting,  178,  187 

Bobertson,  on  typhoid  bacillus  in  soil, 
160 


Robin,  342 

Robinson,  M.  K.,  enteric  fever  and 

mussels,  213 
Robinson's  anemometer,  42 
Roburite,  69 

Rochdale,  sewage  removal  at,  234 
Rocks,  classification  of,  149 

superposition  of,  150 
Rogers  Field's  syphon  flush  tank,  228 
Romanowsky's  staining  process,  391 
Roman  sewers,  4 
Roofs,  construction  of,  276 
Rooms,  habitable  (London),  270 
Roots'  blower.  97 
Ropy  milk,  196 

Ross.     Surgeon  -  Major  (mosquito 

theory).  389,  392 
Rotheln,  324,  409 
Rot  in  sheep,  184 

Rouget  (trypanosoma  of  dourine).316 
Round  worms,  259 
Roux,  on  formaldehyde,  468 
on  tetanus,  346 
on  theoiy  of  immunity,  344 
on  toxine,  342 
Royal  College  of  Physicians,  2,  5, 

365,  418,  424,  482,  537 
Royal  Commission  on  Army  Regula- 
tions (1857).  12 

on  Arsenic  in  Beer  (1900),220 

on  Hospitals  (1881).  301 

on  Organisation  of  Military 

Hospitals,  88 
on  Plague,  404  * 
on  Pollution  of  Rivers,  227 
on  Sewage  Disposal.  263 
on  Transmission  of  Tubercu- 
losis from  Animals  to 
Man,  appointed  (1901), 
208 

on  Tuberculosis  (1895  and 
1898).  187,  188.206,451, 
578 

on  Vaccination.  424.  426. 
428.  429,  431,  333,  435, 
437,  440,  441,  443.  444, 
445.  446,  447,  502 
Royal  Society,  Proceedings  of,  347 
Medical  and  Chirurgical  Society, 
232 

Statistical  Society.  Journal  of, 
271 

Rugby,  phthisis  mortality  at,  164 
Rum,  222 

Rural  districts.  503 
Rye,  216.  219 
Rye-grass,  259 

s 

SoeohtiTomyveit,  320 
Sago,  216 
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Sale  of  Food  and  Drugs  Acts  (1875- 

1899),  540 
Salford,  arsenic  in  beer  in,  220 

.  back-to-back  houses  in,  272 
Salicylic  acid  and  milk,  193,  194 
Salisbur3%  drying  of  subsoil  at,  UJS 
Saliva,  an  antidote  for  snake  venom. 
337 

in  rabies,  326 
Salmon,  185 

disease,  320 
>almon  and  Smith  (immunity  from 

hog-cholera),  342 
Salt  meat,  210 
Salts,  mineral,  1 70, 1 72 

nutritive  value  of,  172 
Salvation  Army  shelter,  520 
SanareUi,  on  yellow  fever,  457 
Sand  and  gravel  as  filtering  media, 
109 

Sandstone,  1.50,  152 
old  red,  151 
water  from,  112 
Sandwich  Islands,  leprosy  in,  386 
Sanf  elice  (yeasts),  820 
Sanitary  Act  (1866),  13,  570 
administration,  50.3 
authorities    in    England  and 
Wales,  503 
in  London,  504 
port,  15,  5u3 
rural,  503 
urban,  503 
Sanitary  inspectors,  512 — 515 

Institutions,  English,  1 
Sanitary  law  in  relation  to — 
adtilteration  of  food,  540 
alkali  works,  557 
bakehouses,  552,  555 
baths  and  washhouses,  504 
canal  boats,  550 
cellar  dwellings,  519 
cemeteries  and  burial  grounds, 

557,  559 
cleansing  and  scavenging,  517 
closets,  239—244 
combined  drains,  515 
common  lodging-houses,  519 
(London),  519—522 
cotton  cloth  and  humid  factories, 
552,  .555 

dairies  and  cowsheds,  577 — 579 
dangerous  and  unhealthy  indus- 
tries, 552 
docks,  552 
drainage,  515 
drains  of  houses,  238,  516 
education  of  children,  552 
factories,  551 — 555 
filthy  liouses,  518 
home  work,  552,  556 
horse  flesh,  189 


Sanitary  law  in  relation  to — 
hospitals,  532 
hours  of  employment,  552 
housing  of  the  working  classes, 
504 

humid  factories,  552,  555 
infections  diseases,  527,  534 

in  common  lodging  houses. 
522 

keeping  of  swine,  518,  564 

knackers'  yards,  533 

laundries,  551 

margarine,  542 

mortuaries,  532 

movable  dwellings,  574-5 

new  buildings,  264,  519,  533 

notification  of  infectious 
disease,  303,  534.  535, 
536,  537,  538,  539  ' 

nuisances,  522—525 

offensive  trades,  525 

overtime,  552 

parks  and  open  spaces,  534 

privies,  233  517, 

sale  of  milk,  530,  531 

scavenging  and  cleansing,  517 

sewage,  515 

disposal  of,  516 

shelters,  463 

slaughter-houses,  182,  533 
tenement  factories.  552 

houses,  279,  522 
underground  bakehouses,  556 

dwellings,  519 
unhealthy  areas,  545 
unsound  food,  526,  527 

meat,  526 
water  closets,  517 
water  supply,  140,  518 
in  rural  districts,  504 
Saprol,  464 
Saprolcfptia,  320 
Saprophyte,  facultative,  324 

obligatory,  324 
Sa/rcinm,  195 
SarroGi/stis  Mirsoheri,  317 
Sausages,  185 

American,  185 
Scarlatinal  group,  Loogstafi's.  412 
Scarlet  fever,  409-419 

August  depression  in  curve 

of  notifications  of,  412 
case-mortality  in,  411 

of  diphtheria  and,  com- 
pared, 411 
climate  in  relation  to,  412 
disinfection  in,  417 
(lisscmination  of,  414 
geographical  distribution  of, 
410 

influence  of  age  and  sex  in, 
418 
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Scarlet  fever  in  relation  to  milk. 
198—204,  32.5 
isolation  in,  414 
periodicity  of,  411 
return  cases  of,  415 — 417 
seasonal  influence  in.  412 
spread  by  milk.  198—204, 32.5 
by  schools,  89,  413 
Scavenging,  law  relating  to,  517 

operations  to  be  carried  out  in 
early  morning.  576 
Schists,  150 
Sohizomycrtes.  320 

Schlosing  and  Muntz  (nitrification 

in  soil),  156,  260 
Schools,  accommodation  in.  284 

air  of,  97,  285 

barrack.  287 

closure  of,  290,  401 

cottage  home,  287 

healthy,  C.  E.  Paget,  on,  285 

infant,  284 

infectious  disease  in,  285 

influence  of,  in  spread  of  diph- 
theria, etc.,  89,  289.  292 
in  spread  of  scarlet  fever, 
89.  292 

lighting  of.  284 

memorandum,  290—292 

power  of  sanitary  authority  to 
close,  290 

residential,  286 

sanitary  construction  of,  286 

temperature  in,  286 

water  closets  in,  286 
Schonbein's  test  for  ozone,  61 
Schiitz.  Professor,  on  Badlluis  mallei, 
380 

on  tuberculosis,  207 
Schwann,  on  fermentation,  318 
Sclerotium,  219 
Scolices,  182 

Scott  MoncriefE's  process  for  sewage 

treatment,  260 
Scotter  (Lincolnshire),  pneumonia  at, 

406 

Scottish   Widows    Office  statistics, 
356 

Screw  worm,  313 

Scrofula  in  relation  to  cold  climates, 
49 

Scudding,  74 

Scurvy,  8,  172,  176,  179 

in  relation  to  cold  climates,  49 
Scutch,  73 

Sea,  discharge  of  sewage  into,  255 
level,   correction  for  reduction 
to,  21 

Seal  of  traps,  235,  236,  237 
Seamen,  health  of,  means  of  preserv- 
ing, 8 

Seamen's  lodging  houses,  282.  573 


Seasonal   fluctuations  of  epidemic 
diseases,  399 
prevalence  of  croup,  368 
of  diarrhoea,  364 
of  diphtheria,  369 
of  enteric  fever,  376 
of  laryngitis,  368 
of  measles.  399 
of  scarlet  fever,  413 
of  small-pox,  421 
Seaton.  Dr..  on  animal  vaccination. 
!  14 

j  Secretary  of  State,  14,  511,  545,  546, 

555,  558 
j   Sedimentary  rocks,  149 
j  Seitenkette  theory,  346 
Sennert,  on  .scarlet  fever,  409 
Separate  system  of  sewage  removal, 
;  228 
Separator,  milk,  190 
Septic  diseases,  482 
metritis.  537 
peritonitis.  537 
Septicaemia,  407 
Septicsemic  diseases,  343 
Septic-tank     system     of  treating 
sewage,  260 
I  Serum,  antitoxic,  in  cholera.  340 

in  diphtheria.  342,  343,  372 
in  enteric  fever,  339.  342 
in  plague,  406 
I  in  tetanus,  342 

Sewage,  biological  purification  of,  260 
broad  irrigation  of,  258 
cement,  258 

cesspool  treatment  of,  261 
1         composition  of,  255 

discharge  into  rivers,  255.  257 

discharge  of.  into  the  sea,  255 

disposal  of.  229,  255 

Commission  on,  263 

effluent,  maximum  permissible 
impurity  in,  257 
[         farms,  79.  258,  259 
I         filtration  through  laiul.  258 

intermittent    downward  filtra- 
'  tion  of,  258 

law  relating  to  disposal  of.  516 
1         precipitation,  methods  of.  255, 
I  256 

proteus.  262 

treatment,  bacterial,  260 
!  septic-tank  system,  260 

Sutton  system.- 260 

Utilisation  Act  (1865),  13 

zone,  255 
I  Sewers,  air  of.  78 

I         calculation  of   dischartrc  from, 
j  252 
I         Conimissionors  of.  5 
I         construction  of,  251 
eirg-shaped.  251 
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Sewers,  gradient  of,  252 

law  relating  to,  515 

maintenance  of,  515 

micro-organisms  in,  78 
effects  of,  79 

movement  of  air  in,  254 

ventilation  of,  253,  25-1 
Shaftesbury,  Lord  (Labouring  Classes 

Lodging  Houses  Act),  oii 
Shag-felt,  277 

Shaw,  W.  N,  (ventilation  in  Poor 

Law  schools),  285 
Sheet-lead,  275 

Sheffield,  lead  poisoning  in,  115 

small-pox  in,  302,  332,  435,  338 
in  Borough  Hospital,  439 
Shellfish  and  infectious  disease,  211 
Shelters  during  disinfection  to  be 

provided,  463,  528 
Sherborne,  enteric  fever  at,  143 
Sheringham  valve,  92,  94 
Sherry,  222 
Shingle,  164 

Shipping,  Merchant,  Act  (1867),  14 
Ships,  precautions  as  to  persons  from 
infected,  529 
ventilation  of,  61 
Shone  system  of  sewage  removal,  233 
Sichcrheit  explosive,  69 
Sickness  rates  of  friendly  societies, 
486 

in  army,  navy,  police,  etc., 
486 

in  certain  industries,  487 
sleeping,  of  the  Congo,  314 
Side-chain  theory,  346 
Siege  of  Paris,  infant  mortality  dur- 
ing, 475 

Sierra  Leone,  yellow  fever  in,  455 
Silicon  in  soil,  149 

in  water,  130 

fluoride,  69 
Silicosis,  3.  67 
Silk  fibres,  40,  41 

Silkworms,  p^brine  disease  of,  317 
Silurian  system  of  rocks,  151 
Simon,  Sir  John,  and  Board  of  Health, 
13 

and  City  Corporation,  12 

and  Privy  Council,  13 

"  English  Sanitary  Institutions.'" 

1,  8,  4,  7,  8,  15 
on  cholera,  139,  140,  362 
on  hospital  air,  295 
on  nomenclature  of  disease,  482 
Simond  on  inoculation  of  plague  by 
fleas,  404 

Simpson,  Dr.  W.  J.  R.,  on  cholera,  205 
on  return  cases  of  scarlatina 
and  diphtheria,  416 — 419 
on  vaccination,  443 

Siriasis.  IS 


Sites,  264 

polluted,  539 
Size-maker,  71,  73 
Skin  disease,  epidemic,  197 
Slaney's,  Mr.,  Committee,  10 
Slates,  150,  275 
Slaughter-houses,  533,  568 
by-laws  concerning,  568 
dogs  kept  in,  182,  568 
public,  575 
j         structure  of,  568 
Sleeping-sickness,  314,  419 
Slop  sink,  239 
Sludge,  255,  257 
i  SmaU-pox,  aerial  diffusion  of,  299 — 
\  302 

age  and  sex,  in  relation  to,  421 
altered  age-incidence  of,  4.S0  . 
behaviour  of,  in  the  vaccinated 
I  as  compared  with  the 

1  unvaccinated,  437 

British  army  statistics,  442 
case-mortality  in,  421,  437 
I  in  relation  to  vaccination- 

I  marks  of  different  qua- 

j  lity,  440 

changes  in  death-rates  at  suc- 
cessive life-periods,  428 
conveyed  by  breath,  326 
disease  of  children,  332 
dissemination  of,  421 
endemic,  in  Soudan,  327 
Fulham  Hospital  inquiry,  300 
geographical  distribution  of,  420 
I         Highgate  Ho^ital  and,  299 
I         history  of,  419 
I         hospitals  for,  299,  303 
j         in  common  lodging-houses,  283 
incubation  period  in,  421 
in  navy, 442 
inoculation,  331,  422 
'         in  postal  service,  442 
!         in  Sweden,  329,  425 
I         memorandum  on  hospital  provi- 
I  sion,  308 

i         race  and,  421 

seasonal  prevalence  of,  421 
severity    of  type  of  cases  in 

Sheffield  hospitals,  438 
site  for  hospital  for,  require- 
ments as  to,  308 
soil  and  climate  in  relation  to, 
421 

Smegma  bacillus,  321 
1  Smith,  Salmon  and,  on  hog  cholera, 
342 

Smith,  Angus,  method  of  detecting 
CO2  in  air,  59 
organic  matter  in  air,  87 
I         preservative  for  drain  pipes,  246 
!  Smith,  Edward,  on  periodicity  in 
disease,  328 
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Smith,   Gordon,   on  back-to-back 

houses,  273 
Smith,  Lorrain,    on  enteric  fever 

bacillus,  377 
Smith,  Southwood,  reports  made  to 

Poor  Law  Commissioners,  9 
Smoke,  prevention  of  nuisance  from, 
81,  523 

saving  clauses  relating  to,  523 
test  for  di-ains,  250 
Snake  venom,  337 

Snow -blindness  in  relation  to  cold 

climates,  49 
Snow,  Dr.  John,  on  cholera  (1849), 

3, 137 
Soap  boiling,  73 

test  for  hardness  of  water,  120 
Sodium  chloride  in  food,  172 

hypochlorite  as  a  disinfectant, 
464 

Soil,  air  of,  154 

examination  of,  155 
formation  of  surface,  149  • 
geological  origin  of,  150 
in  relation  to  anthi'ax,  157,  326 
to  calculus,  167 
to  cancer,  167 
to  cholera,  157,  326 
to  diarrhoea,  160,  326 
to  diphtheria,  167,  326,  371 
to  dysentery.  168 
to  enteric  fever,  159,  326 
to  goitre,  152,  167 
to  lead  in  water,  157 
to  malaria,  168 
to  malignant  oedema, 156, 326 
to  phthisis,  162 
to  rheumatism,  169 
to  tetanus,  156,  326 
to  yellow  fever,  169 
made,  law  relating  to,  264 
micro-organisms  in,  155 
pipes,  245 

temperature,  154,  161 

theorists,  157 
Soils,  alluvial,  153 

and  Subsoils,  memoir  on,  152 

Bagshot  beds,  153 

calcareous,  149 

clay,  149,  153 

gravel,  152 

limestone.  152 

loams,  149 

made  ground,  1 53 

marls,  M9 

permeable,  1  (52 

retentive.  162 

sands,  153 

sandy  loams.  I  f  9 
Solids  in  water,  determination  of,  128 
Soudan,  small-pox  in.  420 
Sources  of  water  supply.  108 — 113 


South  Kensington,  scarlet  fever 
caused  by  consumption  of  cream  in. 
198 

Soxhlet's  apparatus,  191 
Spallanzani  on  sterilisation  by  beat, 
318 

Spear,  J.,  on  anthrax,  70,  3.53 

on  measles  in  the  Potteries.  -lOO 
Special  rules  for  hide  and  skin  fac- 
tories and  workshops,  353 
for  wool-combing  factories. 
3.53 

SpiriUa,  320,  323,  324 
Spirillum  oJiolerm  Agiatif:£e,  362 
Spirits,  222 

Sponge  as  a  filtering  medium,  116 
Spongy  iron  as  a  filtering  medium. 
116 

Spontaneous  generation,  318 
Sporadic  disease,  defined,  327 
Sporangia,  320 
Spores,  208,  316 

black,  392 

in  milk,  196 

resting,  392 
Sporoblasts,  317 

Sporocyte  stage  of  malaria  organism. 
390 

Sporozoa,  316,  317 
Sporozoites,  317,  389,  391 
Spray  system  of  washing.  287 
Springs  as  sources  of  water  supply. 

110 
Sprue,  449 

in  relation  to  climate,  4  7 
Sputa,  dried,  promote  the  spread  of 

phthisis,  326 
St.  Andr6,  enteric  fever  caused  by 

oysters  at,  211 
St.  Andrews,  scarlet  fever  caused  by 

milk  at,  198 
St.  Bartholomew's  Hospital,  diarrlioea 

outbreaks  at,  208,  209 
St.  Pancras,  scarlet  fever  in,  198 
small-pox  in,  302 
stable  dwellings  in,  278 
Stable  manure,  577 

yards,  552 
Staft'ordshire  (arsenic  in  bcor).  220 
Staircases,  lighting  and  ventilation 

of,  270 

Stallions,  trypanosoma  in,  316 
Standard  death-rates, -179 
Standard  diets,  construction  of,  177 
Standardisation  of  diphtheria  anti- 

toxinc,  344 
Staphylococci,  320.  342 
Starch,  172,215 

barley,  216 

bean,  216 

Bermuda  arrowroot,  215 
maize,  217 
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Starch,  oat,  217 
pea,  215 
potato,  215 
rice,  217 
Yje,  216 
sago,  216 
tapioca,  216 
wheat,  216 
Starfish,  spawn  of.  in  mussel  poison- 
ing, 214 
States,  United,  phthisis  in.  162 
Statistical  evidence  of    health  of 
communities,  487 
methods,  499 
seiies,  vahie  of,  499 
Society,  Journal  of  the.  487.  492 
tables  prescribed  by  Local  Go- 
vernment Board,  511 
Statistics,  Elements  of  Vital  (News- 
holme),  479,  490,  492 
sources  of  error  in,  486 
Studies  in  (LongstafE),  452 
vital,  470,  492 
Steam,  disinfection  by,  459 
jet,  ventilation  by,  90,  96 

use  of,  in  destructor  fur- 
naces, 226 
Stearic  acid,  171 
Steffoviyia  fmciata,  457 
Stephen.  Sir  James,  on  cremation. 
562 

Sterilisation  of  milk,  179,  196 
Stethoscope,  482 
Stettin,  enteric  fever  at,  142 
Stewart,  Dr.,  distinguishes  between 

typhus  and  typhoid  fevers,  .S75 
Still-births,  473 

Still,  on  Biploeoccm  intracrUnlnrh. 
.S59 

Stockholm,  statistics  of  whooping- 
cough,  etc.,  in,  329 
Stockwell.  hospital  at,  299.  302 
Stomatitis,  179,  196 
Stoneware  pipes,  245 
Storage  of  water,  1 1 3 
Stoves,  gas,  100 
Strata,  dip  of,  1.52 
Stratified  rocks,  150 
Strato-cumulus  cloud.s,  45 
Straus's  test  in  glanders.  381 
Streets,  new,  law  as  to.  268 
Streptococcus,  320,  342 

in  sewage,  257 
fitri'jjtocorcm  cnjitijJvlatnHUH.  380 

HrarldtiiiiK.  201,  203 
StTpptathrioi;*,  320.  321.  351 
Hiri'ptothrix  Ijovik,  321 

iiiadu.rH;,  321 
Stretchers  and  headers.  271 
Subsoil,  149 

Suckling  and  immunity.  349 

Siictoria,  313 


Sugar,  cane,  172,  215 
grape,  215 
invert,  221 
in  wine,  222 
,  Sulphanilic  acid,  128 
Sulphate  of  alum  as  a  sewage  pre- 
cipitant, 255 
of  copper,  210 
I  as  a  disinfectant,  463,  464 

of  iron  as  a  disinfectant.  463, 
\  464  ' 

!  as  a  sewage  precipitant,  255 

of  zinc  as  a  disinfectant.  464 
I  Sulphates  in  water,  120 — 130,  146 
[  Sulphide  of  ammonia  in  air,  62 
of  tin,  210 
Sulphides  in  water,  130 
Sulphuretted  hydrogen  in  air,  62 
in  coal  gas,  80 
in  sewers,  78,  254 
in  trades,  69 
Sulphuric  acid  in  air.  80 
Sulphur  in  albuminoids.  170 
compounds  from  coal,  80 
in  water,  146 
Sulphurous  acid  as  a  disinfectant,  4()6 

in  air,  62,  80 
Summer  diarrhcea,  155 
Sunderland,  measles  at,  397.  398 
Sundew,  349 
Surra  disease,  316,  327 
Surrey,  phthisis  in,  164,  165 
Suspended  matter  in  air,  65 

in  water,  134 
Sussex,  phthisis  in,  164,  l(i5 
Sutton  Coldfield,  scarlet  fever  at,  202 
Sutton,  Daniel,  on  smaU-pox  inocula- 
tion, 422 

Sutton  method  of  treating  sewage,  260 
Sweating  pipes,  251 

sickness,  5 
Sweden,  cremation  in,  563 

measles  in,  396 

small-pox  in,  329,  425 

whooping-cough  in,-  329 
Sweeting,    Dr.    (Fulham  Hospitdl 

statistics),  437,  441 
Smne;  317 

erysipelas,  335,  343 

fever,  184 

.sanitary  law  relating  to  keeping 
of,  518 

Swilzerlaiul,  cremation  in,  563 
Sydeuliam,  on  cholera,  360 

on  dysentery,  374 

on  epidemic  diseases,  2,  7 

on  malaria,  388 

on  periodicity,  328 

on  scarlet  fever.  409 
Si/dmhain.  New,  iSorifii/'x  Trntimctionx. 

'm 

Sykes,  Dr.  (block-dwollings),  273 
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Sykes,  Dr.,  influence  of  dwellings  on 
health,  279 
stable  dwellings,  278 
throat  maladies,  368 
Symons,  G.  J.,  on  sites  for  dwellings, 
153 

Symons,  W.  H.,  on  cancer  houses.  357 
Svnoptic  chart,  44 
Syphilis.  317,  324,  325,  446 
Syphon. 22 
tank,  228 

waste  preventer,  243 
Syphouage,  236 
Syria,  plague  in,  402 
Syrian  ulcer,  367 

T 

Tabes  mesenterica,  205,  460,  451 
TwTvia  crassicollis,  315 

coMnococcus,  147,  181,  568 

mcdiocanellata,  147,  181 

saginata,  181 

solium,  147,  180 
TaUow-melting,  5,  73 
Tanner,  74 
Taper  pipes,  248 

Tape-worms.  135.  180.  259.  312.  314. 

315 
Tapioca,  216 
Tardigrada,  134 

Tatham  on  back-to-back  houses,  272 
on  change  in  expectation  of  life. 
494 

on  density  of  population,  271 
on  inaccuracies  in  return  of  age 
at  extremes  of  life.  495 
on  occupation  and  mortality,  485 
on  tuberculosis,  451 
Taylor,  Dr.  Michael  W.,  on  milk- 
bome  enteric  fever,  197 
on  milk-borne  scarlet  fever,  198 
Teak, 277 

Teale's  economiser,  99 

Tees  Valley,  enteric  fever  in,  145 

Teignmouth,  enteric  fever  caused  by 
cockles  at!  213 

Telegraphs,  hospital  to  be  in  connec- 
tion with  system  of,  532 

Teleutospores,  218 

Temperature,  correction  for,  21 

how  observed  and  calculated,  25, 
26 

influence  of,  on  health,  47 

soil,  154 
'fniehrio  molitor,  313 
Tenement  dwellings,  279 

factories,  552 
Tenon  on  hospitals,  29(; 
Tent  and  van  dwellings,  574 
Tents,  .309,  523,  575 
Terling  (Essex),  enteric  fever  at,  143 


Tertiary  period,  151,  l(i4 
,  Tetanus,  324,  448 
i         antitoxic  treatment  in,  343 
I         as  a  soil  disease,  156,  326 

Texas  fever,  317,  392,  396 

Thackrah,  on  diseases  of  occupations, 
i      7.  8 

Thames,  water  from.  139— 141 
Thanet  beds,  152 
'  Thermal  aerobic  sewage  filter,  261 
Thermometer,  alcohol,  27 
construction  of,  25 
earth,  161 
Negretti's.  27 
,  PhiUip8's,'27 

Rutherford's  maximum,  27 
minimum.  27 
Theydon  Bois,  cholera  at,  361 
Thiele,  on  vaccination,  443 
Thompson,  T.  W..  on  return  cases  of 

scarlet  fever,  416 
Thomson,  Theodore,  on  enteric  fever 
160 

on  measles,  397,  538 
Thome.  Sir  Richard,  on  diphtheria 
289  .  ■' 

on  enteric  fever  (Barry's  re- 
port), 145 

on  enteric  fever  (Catcrham). 
143 

I  on  infectious  hospitals,  304 

]  on  measles  (Thomson's  re- 

port). 538 

Thread- worms,  313 

Thrcsh's  disinfector,  462 
oxygen  process,  131 
j  Thring's  (Lord)  Act,  532 
j  Throat,  sore,  in  relation  to  inhalation 
1      of  sewer  air.  79 
!  Thrush.  196,  320,  368,  482 

Thymol,  323 

Ticks,  313.  317,  392 

Tilletia  caries.  218 

Timothy  bacillus,  321 

Tin  for  water  pipes,  115 

Tinned  peas,  210 

pigs'  tongues,  185 

Tins,  blown.  185 

Tobin's  t  ubes,  92.  91 
'  Tomkins,  Dr.,  on  soil  temperature 
and  diarrhoea,  161 
on  isolation  in  small-pox.  446 

Tommasi  Crudcli,  on  malaria,  388 

Tongue,  wooden,  350 

Tongues,  pigs',  tinned,  185 

Torquay,  enteric  fever  at.  197 

Torrens'  Acts,  544 

Torricelli's  theorem,  39 

Tottenham,  temporary  fever  hospital 
at,  309 

Toulon,  cholera  at,  361 

Tours,  diphtheria  in.  367 
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Towii   plans  of  Ordnauce  ;Smvey 

maps,  105 
Towns,  corrected  death-rates  in,  481 
Towns  Improvement  Clauses  Act.  11, 

533 

Police  Clauses  Act  (1847),  11 
Toxalbumins,  324 
Toxic  albumoses,  324 
Toxines.  185,  324 
Toxoids.  342.  345 
Toxones,  342,  345 
Toxophore  group,  345 
Trade  winds,  46 
Trades,  offensive,  65,  71.  78 
1  rap.  beU. 237 

D.  237 

gully,  237 

sj-phon,  235 

ventilating  intercepting,  237 
Trematoda,  313 
Irichma  gjjiralh.  182.  183.  313 
Trichinosis,  182,183,317 
'Trichoci'phalus.  260 

diitpar,  313 
Trjeliomonax.  316 
Trichiyplnftmi  tonsurans,  320 
Trimethylamine,  256 
Trinity  high-water  mark,  106 
Tripe  boiler.  73 
Tropical  fevers,  449 
Trough-closets.  214 

Trowbridge,  veal-pie  poisoning  at.l85  | 
Tn/panosoma.  316.  326.  327  \ 
Brucri,  316 

Kvansi,  316  | 

Liiwisi,  316  I 

of  dourinc,  316 
Tubercle  bacillus,  318,  321,  468 
Tubercular  disease  of  the  udder,  579 

meningitis,  450 

peritonitis.  450 

phthisis,  450 
Tuberculin,  208,  337,  341 

as  a  diagnostic  agent.  341 

Rest,  341 
Tuberculosis,  324,  325,  450—452 

age  and  sex  in,  450 

antitoxic  scram  for,  343 

avian,  321 

bovine,  207,  321 

British  Congress  on,  207,  321 

contagiousness  of,  452 

in  cows.  89,  325 

in  relation  to  food.  179, 180,  187 
to  milk,  195.  197.  205—208 
to  vitiated  air.  88,  89 

mortality  from,  450 

notification  of.  452 

of  the  udder.  579 

prevention  of,  451  j 
seasonal  influence  in,  450  I 
spread  of,  by  food.  451 


Tuberculous,  carcases,  188 

Tulasne,   on   parasitic  diseases  of 

grain,  318 
Turkey -red  dyeing,  72 
Turner,  Geo.  (enteric  fever),  197 
Tyndall,  J.  (sterilisation  by  heat),  318 
Types  of  weather,  46 
Typhoid  fever  (Jive  Enteric  fever) 
Typhus  fever,  452 — 454 

distinguished  from  typhoid, 

375.  452 
fatality  iu,  453 
in  relation  to  common  lodg- 
ing houses,  283 
to  overcrowding.  89. 326, 

453 
to  prisons,  8 
Tyrotoxicon.  194,  196,  210 


u 

Uddek,  cleansing  of,  iu  milking,  195 

diseases  of,  206 
Unhealthy  areas,  law  as  to,  545 

and  dangerous  industries,  552 

dwelling-houses,  law  as  to,  544 
United  States,  cremation  in,  563 
Unsound  food,  law  as  to,  540 — 544 

meat,  526j  527,  539 
Upland  sui-face  water,  107 
Upton,  scarlatina  at,  202 
Urban  districts,  503 
Urotropiu,  377 

Urticaria  in  mussel  poisoning,  214 

after  use  of  antitoxinc,  373 
I'stilago  carho,  218 


V 

Vaccination.  422—446 
Act  (1840),  10,  427 
(18.53).  427 
(1867),  14,  427 
(1871),  14.  427 
(1898),  447 
age-incidence  of  small-pox  in 

relation  to,  430 
animal,  14 
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by  cowls,  91 

by  blowing  machines,  90 

by  double  windows,  93 

by  extraction  by  fans,  90,  96 

by  gas  jets,  96 

by  heat,  90—96 

by  pumps,  96 

by  steam  jets,  90 

forces  concerned  in.  90 

friction  in,  40 

natural,  91 
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bacteriological  examination  of, 

109,  135 
barometers,  22 
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Wilsou,  Dr.  J.  T.,  on  .scarlet  fever 

mortality,  415 
Winchester  quart,  118 
Wind,  action  of,  iu  ventilation,  42 
Wines,  222 

Withington,  small-pox  hospital  at, 
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